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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.1 6 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 9 sheets. 



3. This report contains indications relating to the following items: 

I " H Basis ct the report 
Priority 

Non-esTaDlishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain CDservations on the international application 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/ES99/001 34 



I. Basis of th report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1-5,9-11 as originally filed 

6,8,12-16 as received on 11/04/2000 with letter of 10/04/2000 

7 with telefax of 27/07/2000 

Claims, No.: 

1 -9 with telefax of 27/07/2000 

Drawings, sheets: 

1/3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description 

□ the claims, 

□ the drawings, 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 

see separate sheet 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novei. to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 



pages: 

Nos.: 

sheets: 
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□ the entire international application. 
G9 claims Nos. 1-9 . 

because: 

IS the said international application, or the said claims Nos. 1-9 (in part) relate to the following subject matter 
which does not require an international preliminary examination (specify): 

see separate sheet 

□ the description, claims or drawings (indicate particular elements belovtf or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specif)?): 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting^u^h^tatement 

1 . Statement 



Novelty (N) 


Yes: 


Claims 


1-9 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-9 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-9 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain def cts in the international application 

The following defects in the form or contents of the international application have been noted: 
s separate sheet 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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EXAMINATION REPORT - SEPARATE SHEET 



Re Section I 
Basis of the Report 

1. The International Preliminary Examination Report is also based on 1 page of 
sequence listing ("List of Sequences"). 

Re Section III 

Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

2. Contrary to the requirements of Rule 5.1 (a)(v) PCT, the best mode for carrying out 
the invention is not set forth in the description. Where the national law of the 
designated State does not require the description of the best mode, failure to 
describe it shall have no effect in that State. 

Re Section V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 



- 3. Prior Art: Reference is made to the following documents cited in the International 
Search Report 

D1: Journal of Interferon and Cytokine Research 16 (1996), 1027-1033 
D2: The New England Journal of Medicine 321 C1989), 1501-1506 

4. Novelty and Inventive Step : The subject-matter of claims 1-9 seems to be novel and 
inventive 

The present application relates to the treatment or viral liver diseases. From prior art 
document D2 it is known that hepatitis C can be treated by recombinant IFN-a2b. 
Moreover, D1 shows in vitro (in human liver rumour cell lines) that IFN-a5 has 
stronger antiviral activity against EMC virus than iFN-a2 (p 1029, Figure 1). However, 
the results of the latter document do not show any preference for certain tissues and 
the role of each of the type I IFN remains obscure (p 1032, right column). 
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Thus, on the basis of D1 and D2, the problem to be solved by the present invention 
may be regarded as finding out whether or not IFN-a5 has a preference for a 
particular tissue. As it has been shown, that there is a marked reduction in the 
expression of IFN-a5 in liver tissue in case of HCV infection, which could not have 
been expected, the subject-matter of claim 1 and dependent claims 2-9 seems to be 
inventive. 

5. Industrial Applicability : 

Claims 1-9 relate to the use of IFN-a5 in the production of compositions useful for the 
treatment of liver disease, which is industrially applicable under Article 33(4) PCT. 

Re Section VII 

Certain defects in the international application 

6. There seem to be various (clerical) errors in the description resulting from the 
translation, e.g., p 9 (I 5, I 14), p 10 (I 19). 

Re Section VIII 

Certain observations on the international application 

7. The main feature of independent claim 1, the production of compositions useful for 
treatment of liver diseases as well as the additional features in the dependent claims 
2-9 are not referred to in the description. Claims 1-9 are therefore not supported by 
the description as required by Article 6 PCT. 
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14.08.2000 
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International application No. 
PCT/ES99/00134 



International filing date (clay/month/year) 
13/05/1999 



Priority date (day/month/year) 
13/05/1998 



Applicant 



INSTITUTO CIENTIFICO Y TECNOLOGICO DE... et al. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report-(but not of any annexes) and will-transmit such-translation to those Offices. — 



4. REMINDER 



The applicant must enter the national phase before each elected Office by performing certain acts (filing J 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must i 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 
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WRITTEN OPINION 



International application No. PCT/ES99/001 34 



I. Basis of the opinion 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originally filed"): 

Description, pages: 

1-16 as originally filed 

Claims, No.: 

1-10 as o riginally filed 
Drawings, sheets: 

1/3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, 

□ the claims, 

□ the drawin gs, 

3. This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 

Inventive step (IS) Claims 1 -10: No 

Industrial applicability (IA) Claims 

2. Citations and explanations 
se separate sheet 
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VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Section V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Prior Art: Reference is made to the following documents cited in the International 
Search Report 

D1: Journal of Interferon and Cytokine Research 16 (1996), 1027-1033 
D2: The New England Journal of Medicine 321 (1989), 1501-1506 

2. Novelty : The subject-matter of claims 1-10 seems to be novel 

3. Inventive Step : The subject-matter of claims 1-10 does not seem to be inventive 

The present application relates to the treatment of viral liver diseases. From prior art 
document D2 it is known that hepatitis C can be treated by IFN-a2b. Moreover, D1 
shows in vitro (in human liver tumour cell lines) that IFN-a5 has stronger antiviral 
activity than IFN-a2 (p 1029, Figure 1). 

Thus L on the_basjs ^pf J3.1_a.nd. D2,_the problem to-be solved by the present invention 

may be regarded as finding out whether or not IFN-a5 has also an in vivo activity 
against viral liver diseases. However, it has not been shown in the present application 
that IFN-a5 has such an activity and consequently there is no indication for the 
presence of an inventive step. 

Re Section VII 

Certain defects in the international application 

4. There seem to be various (clerical) errors in the description resulting from the 
translation, e.g., dioxyribonucleotides, VHC, RNAm, p 9 (I 5, I 14), p 10 (1 19). 

Re Section VIII 

Certain observations on the international application 

5. The term "essentially derived gene sequences" used in claim 1 is vague and unclear 
and leaves the reader in doubt as to the meaning of the technical feature to which it 
refers, thereby rendering the definition of the subject-matter of said claim unclear (Ar- 
ticle 6 PCT). 
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6. The main feature of independent claim 1 , the manufacture of compositions useful in 
the treatment of liver diseases as well as the additional features in the dependent 
claims 2-5 and 9-10 are not referred to in the description. Claims 1-10 are therefore 
not supported by the description as required by Article 6 PCT. 

7. The term "to genetically induce physiological synthesis" is not considered a technical 
feature as it relates to a mechanism of action, but not to a specific therapeutic 
application. 

8. Dependent claims 6-8 are unclear, because they seem to relate to a process for the 
production of IFN-a5 which is not within the scope of claim 1. 

9. The term "composition for somatic gene therapy" is unclear, because it is not defined 
in the description which further ingredients should be combined with the sequence 
coding for IFN-a5. 

Addendum 



10. _ln_ordertofacilitate the examination of the conformity of the amended "application 
with the requirements of Article 34(2)(b) PCT, the applicant is requested to clearly 
identify the amendments carried out, no matter whether they concern amendments 
by addition, replacement or deletion, and to indicate the passages of the application 
as filed on which these amendments are based (see also Rule 66.8(a) PCT). 

If the applicant regards it as appropriate these indications could be submitted in 
handwritten form on a copy of the relevant parts of the application as filed. 
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International application No. 
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This written opinion is the first drawn up by this International Preliminary Examining Authority. 
This opinion contains indications relating to the following items: 



I 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 


B 



citations and explanations supporting such statement 



3. The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may. before the expiration of that time limit, 
request this Authority to grant an extension, see Rue 66.2(d). 

How? By submitting a written reply, accompanied, where aopropriate. by amendments, according to Rule 66.3. 

For the form and the language of trie amendments, see Rules 66.8 and 66.9. 

Also: For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informal communication with the examiner, see Rule 66.6. 

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be stablished according to Rule 69.2 is: 1 3/09/2000. 



Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: S236S6 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer / Examiner 
Winger, R 



Formalities officer (incl. extension of time limits) 

Senkel, H 

Telephone No. +49 89 2399 8071 
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I. Basis of the opinion 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originally filed".): 

Description, pages: 

1 -5,7,9-1 1 as originally filed 

6,8,1 2-16 as received on 1 1/04/2000 with letter of 1 0/04/2000 

Claims, No.: 

1 -9 as received on 1 1 /04/2000 with letter of 1 0/04/2000 

Drawings, sheets: 

1/3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ — the claims, Nos:: — 

□ the drawings, sheets: 

3. This opinion has been established as if (some of) the amendments had not been made, since they have b en 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

see separate sheet 

4. Additional observations, if necessary: 

V. R asoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 
Inventive step (IS) Claims 1-9: No 

Industrial applicability (IA) Claims 
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2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Section I 

1 . Amended claims 1 , 5, and 9 filed with the letter dated 1 0.04.2000 seem to introduce 
subject-matter which extends beyond the application as filed, contrary to Article 
34(2)(b) PCT. The amendments concerned are "any isolated DNA sequence coding 
for IFN-a5" and "comprises an IFN-a5 recombinant protein". 

Re Section V 

2. In response to the remarks and amendments made by the Applicant the objections 
raised in the first Written Opinion are upheld. 

3. With regard to the objections dealt with by the Applicant, the following is to be noted: 
The problem to be solved is to use IFN-a5 against viral liver diseases and not to 
show "that IFN-a5 levels are reduced in liver tissue of patients suffering for chronic 
hepatitis C of viral origin". 

Re Section VII 



4. There seem to be various (clerical) errors in the description resulting from the 
translation, e.g., dioxyribonucleotides, p 9 (I 5, I 14), p 10 (I 19). 

Re Section VIII 

Certain observations on the international application 

5. The main feature of independent claim 1 , the manufacture of compositions useful in 
the treatment of liver diseases as well as the additional features in the dependent 
claims 2-9 are not referred to in the description. Claims 1-9 are therefore not 
supported by the description as required by Article 6 PCT. 
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of normal liver obuuned by laparotomy from 12 contro! patients (9 men and 3 women age 
range 49 to 70 years). The laparotomies were performed on account of the presence of 
digestive rumours in 10 patients (4 colo-rectal, 5 gastric and 1 pancreatic) due to chronic 
pacreatitis in 1 patient and the presence of a hydatid cyst in another patient. Liver histology 
was norma! to the twelve cases. None of these control cases had received treatment before 
the liver sample was obtained. 



20 



25 



levels of IFNa and IFN P were also determined in PBMC in 25 patients with 
chronic hepatitis C (14 men and 11 women, age range 24 to 69 years) (four of these 
patents had cirrhosis) and in PBMC from 23 healthy controls (10 men and 13 women age 
0 range from 25 to 66 years). The viral genotype for these patients was lb in 22 patients la 
in two patients and 3 in 1 patient. 

The diagnosis of chronic hepatitis C was tased on an increase in serum transaminases 
lasting more man o months, , positive res U ,t for anti-HCV antibodies (2nd generation 
ELBA. Ortho Diagnostic System, Raritan, NJ, USA), the presence of C virus RNA in 
> serum (reverse-reaction transcription in me polymerase chain), and histological evidence of 
chronic hepatitis. The severity of liver damage was evataaed using the Knodell index (16) 
Other causes of chronic hepatitis other man hepatitis C virus were ruled out. None of the 
patten* had received treaunent with IFNa during „ leas, 6 monms prior to the study. 

Preparation of liver, PBMC and serum samples 

The liver samples were obtained by liver biopsy using a Tru-Cu, biopsy needle (Baxter 
Deerfield, IL). One third of the sample was immediately frozen in liquid nitrogen and kepi 
a. -80-C until ,„ W RNA extraction to<* place. The remainder of the sample was used for 

the histological investigation. 

PBMC were isolated from heparmized blood using a density gradient with Lymphoprep 
(Nycomed Ptarma As. Oslo, Norway), centrfluged ,, 600 g for 30 minutes Alter 
cemrintging the PBMC were collected, washed 5 times with 0.9* NaCl and lysed using 
Ultraspec™ protein denaturing solution (Biotech Laboratories, Houston. USA) The 
ce.lu.ar .ysate was kept a. -80-C until total RNA extraction was performed using the 
method of Chomcznski and Sacchi (17). 



10 



and p-actin was amplified by reacting 18 or 25 cycles (PBMC or liver respectively) (94° C> 
55»C and 72'C for 20, 15 and 30 seconds for each step respectively), protocols which 
avoid interference with the PCR reaction saturation stage. The oligonucleotides (5 -3') 
d(TCCATGAGATGATCCAGCAG) and d(ATTTCTGCTCTGACAACCTCCC) were used 
as direction and antidirection primers respectively to amplify a fragment of 274 pairs of 
bases located between nucleotides 240-514 in the human IFNa gene (19). These 
oligonucleotides are direction primers designed to amplify all the subtypes of IFNa. The 
oligonucleotides d(TCTAGCACTGGCTGGAATGAG) and 

d(GTTTCGGAGGTAACCTGTAAG) were the primers used to amplify a fragment of 276 
base pairs located between nucleotides 349-625 of cDNA of human IFNp (20) 
d(TCTACAATGAGCTGCGTGTG) and d(GGTGAGGATCTTCATGAGGT) were the 
primers used to amplify a fragment of 314 base pairs (nucleotides 1319-2079) of the P-actin 
gene (21). 

After the amplification reactions 20 ul of the PCR product were run in a 2% agarose gel 
containing ethidium bromide. The bands obtained were displayed using an ultraviolet lamp 
and were analysed using a commercial programme (Molecular Analyst/PC, Bio-Rad) 
capable of digitizing and analysing the image obtained. Finally the values corresponding to 
the expression of the IFNa and IFNp genes were standardized with their p-actin correlates. 
The results are expressed as the quotient between the value of IFNa "and IFNp and the P- 
20 actin correlate. Previously we demonstrated that the'SSl^of P-actin was expressed 
constantly both in the liver and in the PBMC of patients with chronic hepatitis C (22), 
which has enabled us to standardize IFNa and IFNp values with those obtained for p-actin. 

Validation curves for the PCR technique were prepared using known quantities of total 
RNA (from 0 up to 1 ug). As will be seen in Figure 3, with the total initial RNA quantities 
used for IFNa, IFN P and p-actin (0.5 ug, for both the liver and PBMC), we were within 
the linear range of the PCR amplification curve. The inter-test coefficient of variance for 
IFNa/p-actin was 22% and for IFNp/p-actin it was 24%. The identity of the PCR product 
obtained was checked for IFNa and IFNp by automatic sequencing (ABI prism™ 310 
genetic analyser, Perkin Elmer). 
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IFNa subtypes in normal liver tissue and PBMC in healthy individuals 

After extraction of the total RNA of the normal liver tissue samples the'S&Jw the IFNa 
was amplified using universal primers for all the IFNa subtypes. The PCR amplification 
products were then cloned and sequenced. 41 clones from 4 different normal livers were 
5 analysed and we observed that the IFNa sequence in the 41 clones was the same and 
corresponded to the IFNa5 subtype (Table 1). These results show that IFNa5 is the only 
IFNa subtype expressed in normal liver. The partial cDNA sequence of the IFN«5 
obtained from all the clones was shown to be SEQ ID NO.l. 

To compare the profile of the IFN subtypes expressed in the liver with that expressed in 

10 4£% C t0taI ™ A ° f PBMC fr ° m 5 hea,thv c ° ntrols ™s extracted and the IFNa 
«*N*W was amplified with the universal primers for all the IFNa subtypes. Of the 43 
clones analysed, 15 corresponded to the IFNaS subtype, 14 to the IFNal/13, 6 to the 
IFNa21 and 8 clones to other IFNa subtypes (Table 1). These results indicate that the 
IFNa subtype profile expressed in PBMC differs from that expressed in normal liver. 
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IFNa subtypes in liver tissue and PBMC from patients with chronic hepatitis C 

The above results show that m ^ a 
variety of n^Na subtypes. In the liver parenchyma of patients with chronic hepatitis C there 
is mononuclear cell infiltrate, an important source of IFNa. This suggests that the profile of 
IFNa subtypes expressed by the liver in patients with chronic hepatitis C might differ from 
the profile found in normal liver. To investigate the expression of IFNa subtypes in chronic 
hepatitis C we extracted the total RNA from liver samples from 3 different patients and 2 
PBMC samples. After amplifying the IFNa RNAm with universal primers for all subtypes, 
we cloned and sequenced 24 clones of liver tissue and 18 clones of PBMC. As shown in 
Table 1, the PBMC from patients with chronic hepatitis C expressed IFNa21, IFNa5 and 
IFNa? (5, 12, and 1 clones respectively). In the liver tissue from these patients we found 
subtypes IFNo21, IFNal7 and DPNal/13 (8, 1 and 2 clones respectively) in addition to the 
IFNa5 subtype (Table 1). 



These data suggest that the production of IFNa by the mononuclear cell infiltrate 



can cause 
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a change in the profile of IFNa subtypes expressed in the liver tissue of patients with 
chronic hepatitis C. 

Levels f expression of IFNa in PBMC and the liver of patients with chronic 

hepatitis C and controls 

5 Total RNA was extracted from PBMC and liver samples from patients with chronic 
hepatitis C (n=25 and 16, respectively), PBMC samples from healthy controls (n=20) and 
normal liver tissue samples obtained by laparotomy (n=12). TheSS&^levels of IFNa 
were determined using the semiquantitative reverse transcription-polymerase chain reaction 
(RT-PCR) technique using universal primers to amplify all the IFNa subtypes. The values 
10 are expressed as the ratio of IFNa SSSto p-actin BttAn£" 

We found that the levels of expression of IFNa in the PMBC of patients with chronic 
hepatitis C were significantly increased in comparison with those found in healthy controls 
(3.2 ± 0.48 against 1.14 ± 0.26; p=0.001) (Figure 1A). This result was expected in a viral 
infection such as hepatitis C in which the PBMC are infected (14). On the other hand the 
15 levels of expression of IFNcc'&NA*. were significantly reduced in the liver tissue from 
patients with chronic hepatitis C in comparison with that expressed in normal liver (0.12 ± 
0 03 against^0^43 ± 0.12; p =0.003) (Figure IB). 

As observed previously, IFNa5 is the only IFNa subtype detected in normal liver, while a 
mixture of subtypes is observed in the liver tissue of patients with chronic hepatitis C. Our 
20 findings indicate that in infection by HCV there is a marked reduction in the expression of 
the IFNa subtype normally expressed in liver tissue. Interestingly, IFNa^A^levels in 
the livers of patients with chronic hepatitis C show a direct correlation with the Knodell 
index (r=0.54; p<0.05). This finding, together with the observation that the EFNa 
subtypes detected in the livers of patients with chronic hepatitis C are those observed in 
25 PBMC suggests that most of the IFNa *NA»- found in the liver in hepatitis C comes from 
the inflammatory infiltrate. It appears possible that the reduction in the expression of liver 
IFNa (IFNa5) may play a part in making the HCV infection chronic. As a result, these 
observations may have therapeutic implications if we also bear in mind the marked antiviral 
and antiproliferative activity of the IFNa5 described by other authors (9). 
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Levels of expression f IFNp «NA» in the PBMC and liver of patients with chronic 
hepatitis C and controls 

IFNP, the second majority form of type I interferon, is a glycoprotein produced by a single 
gene. In viral infections transcription of the IFNa and IFNp genes is activated or repressed 
by various mechanisn^(15). To analyse the expression of IFNp in chronic hepatitis C we 
determined IFNp RNAf* levels in the same samples of liver tissue and PBMC previously 
used to determine the expression of IFNa. 

As shown in Figure 2, we observed that IFNP jS8»ievels (expressed as a ratio against p- 
actin) were sigiiificantly higher in both PBMC and the liver in patients with chronic 
hepatitis C in comparison with the PBMC findings in healthy controls and normal livers 
(166 ± 0.2 against 0.88 ± 0.16; p=0.008 in PBMC and 1.37 ± 0.23 against 0.97 ± 0.16; 
p=0.011 in liver). These results show that while HCV causes IFNa to be repressed in the 
^Hver, the expression of IFNp is increased in both the liver and PBMC. This indicates that 
VUG modulates the different type I IFN genes in the liver in a different way, and blocks 
15 the production of IFNa to permit the overexpression of IFNp . 

Relationship between the expression of IFNa and IFNp genes with viral load, genotype 
and liver damage in chronic hepatitis _C _ 

In order to determine whether the expression of the IFNa or IFNp genes can be related to 
viral load or genotype we quantified the C virus RNAu^the serum of all patients using the 
competitive PCR technique and determined the -Vffe- genotype using a hybridization 
method with specific test materials. We found no correlation between the expression of the 
IFNa or IFNp genes (in the liver or PBMC) and C virus RNA levels in serum or the viral 
genotype. 

Analysing the relationship between the expression of the type I IFN genes and the severity 
25 of liver damage in patients with chronic hepatitis C we found that IFNp RJ?Antlevels in the 
liver correlated directly with serum aspartate aminotransferase values (r=0.64, p =0.008) 
and the Knodell index (r=0.66, p=0.006). Likewise the IFNa &£E£values in the liver 
showed a direct positive correlation with the Knodell index as mentioned previously. 
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Table 1. IFNcc subtypes in controls and patients with chronic hepat 



itis C. 



Control 1 
Control 2 
Control 3 
Control 4 
Control 5 



Control 6 
Control 7 

Control 8 



Control 9 



RNA-VH&(+) 
1 HC\/ 



RNA-Vfie-(+) 
2 NCV/ 



RNA-VH6 (+) 
3 HCV 



Liver 
9IFNA5 
clones 

19 XFMA5 
clones 

11 IFNA5 
clones 

12 IFNA5 
clones 



PBMC 



6 IFNA5 clones 
2IFNA21 

clones 

1 IFNA17 
clone 

2IFNA5 
clones 
4IFNA21 
clones 
5 IFNA5 
clones 
2IFNA21 
clones 

2 IFNA1 clones 



3 IFNA5 clones 

4 IFNA21 clones 

2 IFNA1 don.* 
8 IFNA5 clones 

10 IFNA1/13 clones 

1 IFNA8 clone 

3 IFNA5 clones 

2 IFNA21 clones 
2 IFNA1/13 clones 

1 IFNA22 clone 

2 IPNA10 clones 
1 IFNA5 clone 

1 IFNA2 clone 
1 IFNA7 clone 
1 IFNA8 clone 
1 IFNA4 clone 
7 IFNA5 clones 
1 ffN^Xclone 
1 IFNA7 clone 



5 IFNA5 clones 
1 4 IFNA21 clones 
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SECOND AMENDED SET OF CLAIMS 



1. Use of IFN-alpha 5 or the gen sequence coding for IFN- 
alpha 5 in the production of compositions useful for 
treatment of liver diseases. 

2. Use according to claim 1 wherein those compositions are 
useful against chronic hepatitis C. 

3 . Use according to claim 1 wherein those compositions are 
useful against: cirrhosis of viral original. 

4. Use according to claim 1 wherein those compositions are 
useful against hepatocellular carcinoma. 

5 . Use according to anyone of claims 1-4 in which the 
composition comprises an IFN-alpha 5 recombinant protein 
obtained by cloning in a suitable host an expression 
vector comprising the gen sequence coding for IFN-alpha 5. 

6. Use according to claim 5 wherein in which the cloned host 
is a eucaryote organism, preferably Escherichia, coll. 

7. Use according to claim 5, in which the cloned host is a 
procaryote organism, preferably Solatium tuberosum. 

8 . Use according to claims 1-7 in which the composition car. 
be included in any foodstuff . 

9. Use according to claims 1-4, characterised by those 
compositions comprising the gen sequence coding for IFN- 
alpha 5 and being applied by somatic gene therapy. 
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the serum samples wer£buned by centrifuging from venou^od collected in sterile 
tubes. The serum was kept at -40 C C until use. 

Analysis of the expression of IFNa and IFNp" genes in the liver and PBMC 

RNAm levels of IFNa and IFNp were determined using a quantitative polymerase chain 
5 reaction reverse transcription (RT-PCR) method using a thermocycler (Perkin-Elmer Gene 
Amp PGR system 2400). Prior to reverse transcription 2 ug of total RNA (from both the 
liver and PBMC) were treated with 1 unit of deoxyribonuclease (DNAse I amplification 
grade, Gibco-BRL, Gaithersburg. MD, USA) to elhninate possible co ntaminating DNA. 
The presence of traces of DNA was checked by including control reactions without reverse 
10 transcription. This step is required because of the absence of introns in IFNa and IFNp 
genes (18), which made it impossible for us to distinguish the product of PCR from the 
RNA or possible contaniinating DNA. All the controls performed without reverse 
transcription were negative, indicating the absence of contaminating DNA. Total RNA was 
transcribed (60 minutes at 37°C) with 400 units of M-MuLV reverse transcriptase (Gibco- 
15 BRL, Gaithersburg. MD, USA) in a final volume of 40 ul of 5 x saline solution (250 mM 
Tris-HCl pH 8.3, 375 mM KCi, 15 mM MgClj), supplemented with 5 mM DTT, 0.5 mM 
K triphosphate d&xyrib onucleotides (Boehringer Mannheim, Mannheim, Germany), 48 units 
of RNAsas inhibitor (Promega Corporation, MD, US) and 400 ng of random hexamers 
(Boehringer Mannheim, Mannheim, Germany). After denaturing the reverse transcriptase 
20 (95 D C,^ nu^ute) and [ rapidly cooling over ice, a 10 ul aliquot (0.5 (ig) of the cDNA was 
used to amplify the IFNa and IFNp by PCR in 50 (il of 10 x PCR buffer (160 mM 
(NH^SC^, 670 mM Tris-HCl pH 8.8, 0.1% Tween 20) supplemented with the direction 
and antidirection primers (40 ng of each one for IFNa and 60 ng for IFNp), 1.2 mM 
MgCl 2 and 2 units of Biotaq™ DNA polymerase (Bioline, London, UK). Control reactions 
25 without RNA were performed in all the experiments. As an internal control for each sample 
a fragment of (S-actin cDNA was amplified using a 10 ^1 aliquot of the cDNA obtained 
previously. The IFNa was amplified by performing 30 or 33 cycles (PBMC or liver 
respectively) (94°C. 60°C and 72°C during 20, 15 and 30 seconds for each step 
respectively), the INF(3 was amplified by performing 30 or 35 cycles (PBMC or liver 
30 respectively) (94°C, 58 B C and 72°C for 20, 15 and 30 seconds for each step respectively) 
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of normal liver obtained by laparotomy from 12 control patients (9 men and 3 women, age 
range 49 to 70 years). The laparotomies were performed on account of the presence of 
digestive tumours in 10 patients (4 colo-rectal, 5 gastric and 1 pancreatic) due to chronic 
pacreatitis in 1 patient and the presence of a hydatid cyst in another patient. Liver histology 
was normal in the twelve cases. None of these control cases had received treatment before 
the liver sample was obtained. 

RNrtm Ievels of IFNa a* 11 EFNP were also determined in PBMC in 25 patients with 
chronic hepatitis C (14 men and 11 women, age range 24 to 69 years) (four of these 
patients had cirrhosis) and in PBMC from 23 healthy controls (10 men and 13 women, age 
range from 25 to 66 years). The viral genotype for these patients was lb in 22 patients, la 
in two patients and 3 in 1 patient. 

The diagnosis of chronic hepatitis C was based on an increase in serum transaminases 
lasting more than 6 months, a positive result for anti-HCV antibodies (2nd generation 
ELISA, Ortho Diagnostic System, Raritan, NJ, USA), the presence of C virus RNA in 
serum (reverse-reaction transcription in the polymerase chain), and histological evidence of 
chronic hepatitis. The severity of liver damage was evaluated using the Knodell index (16). 
Other causes of chronic hepatitis other than hepatitis C virus were ruled out. None of the 
patients had received tra^ thestudy. 

Preparation of liver, PBMC and serum samples 

The liver samples were obtained by liver biopsy using a Tru-Cut biopsy needle (Baxter, 
Deerfield, IL). One third of the sample was immediately frozen in liquid nitrogen and kept 
at -80°C until total RNA extraction took place. The remainder of the sample was used for 
the histological investigation. 

PBMC were isolated from heparinized blood using a density gradient with Lymphoprep 
(Nycomed Pharma As, Oslo, Norway), centrifuged at 600 g for 30 minutes. After 
centrifuging the PBMC were collected, washed 5 times with 0.9% NaCl and lysed using 
Ultraspec™ protein denaturing solution (Biotech Laboratories, Houston, USA). The 
cellular lysate was kept at -80°C until total RNA extraction was performed using the 
method of Chomcznski and Sacchi (17). 
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and fJ-actin was amplified by reacting 18 or 25 cycles (PBMC or liver respectively) (94°C, 
55°C and 72°C for 20, 15 and 30 seconds for each step respectively), protocols which 
avoid interference with the PCR reaction saturation stage. The oligonucleotides (5 '-3') 
d(TCCATGAGATGATCCAGCAG) and d(ATTTCTGCTCTGACAACCTCCC) were used 
as direction and antidirection primers respectively to amplify a fragment of 274 pairs of 
bases located between nucleotides 240-514 in the human IFNa gene (19). These 
oligonucleotides are direction primers designed to amplify ail the subtypes of IFNa. The 
oligonucleotides d(TCTAGCACTGGCTGGAATGAG) and 

d(GTTTCGGAGGTAACCTGTAAG) were the primers used to amplify a fragment of 276 
base pairs located between nucleotides 349-625 of cDNA of human IFNp (20). 
d(TCTACAATGAGCTGCGTGTG) and d(GGTGAGGATCTTCATGAGGT) were the 
primers used to amplify a fragment of 314 base pairs (nucleotides 1319-2079) of the p-actin 
gene (21). 

After the amplification reactions 20 nl of the PCR product were run in a 2% agarose gel 
5 containing ethidium bromide. The bands obtained were displayed using an ultraviolet lamp 
and were analysed using a commercial programme (Molecular Analyst/PC, Bio-Rad) 
capable of digitizing and analysing the image obtained. Finally the values corresponding to 
the expression of the IFNa and IFNp genes were standardized with their p-actin correlates.. 
The results are expressed as the quotient between the value of IFNa and IFNp and the P- 
3 actin correlate. Previously we demonstrated that the lE&ita i S 'of p-actin was expressed 
constantly both in the liver and in the PBMC of patients with chronic hepatitis C (22), 
which has enabled us to standardize IFNa and IFNp values with those obtained for p-actin. 

Validation curves for the PCR technique were prepared using known quantities of total 
RNA (from 0 up to 1 ug). As will be seen in Figure 3, with the total initial RNA quantities 
used for IFNa, IFNp and p-actin (0.5 ug, for both the liver and PBMC), we were within 
the linear range of the PCR amplification curve. The inter-test coefficient of variance for 
IFNct/p-actin was 22% and for IFNp/p-actin it was 24%. The identity of the PCR product 
obtained was checked for IFNa and IFNp by automatic sequencing (ABI prism™ 310 
genetic analyser, Perkin Elmer). 
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IFNa subtypes in normal liver tissue and PBMC in healthy individuals 

After extraction of the total RNA of the normal liver tissue samples me*N*£of the IFNa 
was amplified using universal primers for all the IFNa subtypes. The PCR amplification 
products were then cloned and sequenced. 41 clones from 4 different normal livers were 
analysed and we observed that the IFNa sequence in the 41 clones was the same and 
corresponded to the IFNcc5 subtype (Table 1). These results show that IFNa5 is the only 
IFNa subtype expressed in normal liver. The partial cDNA sequence of the IFNa5 
obtained from all the clones was shown to be SEQ ID NO: 1 . 

To compare the profile of the IFN subtypes expressed in the liver with that expressed in 

JuSf tOIaI ™ A ° f ** PBMC fr ° m 5 hea,th y ct > ntrol s was extracted and the IFNa 
IUTAl " was amplified with the universal primers for all the IFNa subtypes. Of the 43 
clones analysed, 15 corresponded to the IFNa5 subtype, 14 to the IFNal/13, 6 to the 
IFNa21 and 8 clones to other IFNa subtypes (Table 1). These results indicate that the 
IFNa subtype profile expressed in PBMC differs from that expressed in normal liver. 

15 IFNa subtypes in liver tissue and PBMC from patients with chronic hepatitis C 

_ The abo ^J e ^ sh ^^J^nowmAiyer. expresses IFNo5, while PBMC express a 
variety of IFNa subtypes. In the liver parenchyma of patients with chronic hepatitis C there 
is mononuclear cell infiltrate, an important source of IFNa. This suggests that the profile of 
IFNa subtypes expressed by the liver in patients with chronic hepatitis C might differ from 
the profile found in normal liver. To investigate the expression of IFNa subtypes in chronic 
hepatitis C we extracted the total RNA from liver samples from 3 different patients and 2 
PBMC samples. After amplifying the IFNa RNAm with universal primers for all subtypes, 
we cloned and sequenced 24 clones of liver tissue and 18 clones of PBMC. As shown in 
Table 1, the PBMC from patients with chronic hepatitis C expressed JFNo21, IFNoc5 and 
IFNa7 (5, 12, and 1 clones respectively). In the liver tissue from these patients we found 
subtypes IFNa21, IFNal? and IFNal/13 (8, 1 and 2 clones respectively) in addition to the 
IFNa5 subtype (Table 1). 
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These data suggest that the production of IFNa by the mononuclear cell infiltrate 



can cause 
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a change in the profile of IFNa subtypes expressed in the liver tissue of patients with 
chronic hepatitis C. 



Levels of expression of IFNa RNAm- in PBMC and the liver of patients with chronic 
hepatitis C and controls 

5 Total RNA was extracted from PBMC and liver samples from patients with chronic 
hepatitis C (n=25 and 16, respectively), PBMC samples from healthy controls (n=20) and 
normal liver tissue samples obtained by laparotomy (n=12). The E§A^levels of IFNa 
were determined using the semiquantitative reverse transcription-polymerase chain reaction 
(RT-PCR) technique using universal primers to amplify all the IFNa subtypes. The values 
1 0 are expressed as the ratio of IFNa ^Sa^xo 0-actin 

We found that the levels of expression of IFNa in the PMBC of patients with chronic 
hepatitis C were significantly increased in comparison with those found in healthy controls 
(3.2 ± 0.48 against 1.14 ± 0.26; p =0.001) (Figure 1A). This result was expected in a viral 
infection such as hepatitis C in which the PBMC are infected (14). On the other hand the 

15 levels of expression of IFNa' TlNAm were significantly reduced in the liver tissue from 
patients with chronic hepatitis C in comparison with that expressed in normal liver (0.12 ± 

0703-against 0:43 ±0.12rp ^=0.003) (Figure 1B)7 ^ 

As observed previously, DFNo5 is the only IFNa subtype detected in normal liver, while a 
mixture of subtypes is observed in the liver tissue of patients with chronic hepatitis C. Our 
findings indicate that in infection by HCV there is a marked reduction in theexpression of 
the IFNa subtype normally expressed in liver tissue. Interestingly, BFNa ? SS^levels in 
the livers of patients with chronic hepatitis C show a direct correlation with the Knodell 
index (r=0.54; p<0.05). This finding, together with the observation that the IFNa 
subtypes detected in the livers of patiente wrth chronic hepatitis C are those observed in 
15 PBMC suggests that most of the IFNa ifcNAm- found in the liver in hepatitis C comes from 
the inflammatory infiltrate. It appears possible that the reduction in the expression of liver 
IFNa 0FNa5) may play a pan in making the HCV infection chronic. As a result, these 
observations may have therapeutic implications if we also bear in mind the marked antiviral 
and antiproliferative activity of the BFNa5 described by other authors (9). 
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Levels of expression of IFNP in the PBMC and liver of patients with chronic 

hepatitis C and c ntrols 

IFNP, the second majority form of type I interferon, is a glycoprotein produced by a single 
gene. In viral infections transcription of the IFNa and IFNp genes is activated or repressed 
by various mechan*n*a5). To analyse the expression of IFNp in chronic hepatitis C we 
determined IFNp RNA-hj levels in the same samples of liver tissue and PBMC previously 
used to determine the expression of IFNa. 

As shown in Figure 2, we observed that IFNp &S!£ievels (expressed as a ratio against p. 
actio) were significantly higher in both PBMC and the liver in patients with chronic 
hepatitis C in comparison with the PBMC findings in healthy controls and normal livers 
(1.66 ± 0.2 against 0.88 ± 0.16; P =0.008 in PBMC and 1.37 ± 0.23 against 0.97 ± 0.16; 
p-0.011 in liver). These results show that while HCV causes IFNa to be repressed in the 
^liver, the expression of IFNp is increased in both the liver and PBMC. This indicates that 
modulates the different type I IFN genes in the liver in a different way, and blocks 
15 the production of IFNa to permit the overexpression of IFNp . 

Relationship between the expression of IFNa and IFNp genes with viral load, genotype 
and liver damage in chronic hepatitis C 

In order to determine whether the expression of the IFNa or IFNp genes can be related to 
viral load or genotype we quantified the C virus RNAjn the serum of all patients using the 
competitive PGR technique and determined the '-vie- genotype using a hybridization 
method with specific test materials. We found no correlation between the expression of the 
IFNa or IFNp genes (in the liver or PBMC) and C virus RNA levels in serum or the viral 
genotype. 

Analysing the relationship between the expression of the type I IFN genes and the severity 
25 of liver damage in patients with chronic hepatitis C we found that IFNp RNAntlevels in the 
liver correlated directly with serum aspartate aminotransferase values (r=0.64, p= O.008) 
and the Knodell index (r=0.66, p =0.006). Likewise the IFNa &E££values in the liver 
showed a direct positive correlation with the Knodell index as mentioned previously. 
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Table 1. IFNa subtypes in controls and patients with chronic hepatitis C. 



Control 1 


Liver 

9IFNA5 

clones 


PBMC 


Control 2 


9 IFNA5 
clones 




Control 3 


11 IFNA5 

X X XX X ™ /i~0* 

clones 


~ — : 


Control 4 


12 IFNA5 
clones 




Control 5 




3 IFNA5 clones 1 

4 IFNA21 clones 

0 rPM A 1 rlniiAc 1 

^ lriiAi clones | 


Control 6 




8 IFNA5 clones 


Control 7 




10 IFNA1/13 clones 
1 EFNA8 clone 


Control 8 




3 IFNA5 clones 
2 IFNA21 clones 
2 LrlNAl/13 clones I 
1 IFNA22 clone 


Control 9 




2 IFNA 10 clones 
1 IFNA5 clone 
1 IFNA2 clone 
1 DFNA7 clone 
1 LrNAe clone 
1 IFNA4 clone 


RNA-Vfie(+) 
1 HCV 


6 IFNA5 clones 

2IFNA21 

clones 

1 IFNA17 

clone 


7 IFNA5 clones 
1 IFNA21 clone 

1 1FNA7 clone 


RNA-VWe-(+) 
2 HCV/ 


2IFNA5 
clones 
4IFNA21 
clones 


5 IFNAS clones 
4 IFNA21 clones 


RNA-¥H€ (+) 
3 HCV 


5IFNA5 
clones 
2 IFNA21 
clones 

2 IFNA1 clones 
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Figure 1: Expression of alpha interferon/p-actin RNAnr (ordinate) in peripheral blood 
mononuclear cells (A) and in the liver (B) of healthy controls and patients with chronic 
hepatitis C (HCV-RNA+) (abscissa). 

_ m Rub 

Figure 2: Expression of beta interferon/p-actin RNAn r (ordinate) in peripheral blood 
mononuclear cells (A) and in the liver (B) of healthy controls (C) and patients with chronic 
hepatitis C (HCV-RNA+) (abscissa). 

Figure 3: Relationship between the initial quantity of total RNA (abscissa) and the strength 
of the PCR product band obtained by amplifying theJU4A» of IFNct (•), IFNp ( ^ ) and p- 
actin (♦) (ordinate, as counts x mm 2 ) in PBMC (A) and liver (B) samples. 
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9. Former claim 10 has been redrafted as new claim 9 emphasising 
that the somatic gene therapy composition is based in DNA 
material coding for IFN-alpha 5. Further ingredients are any 
suitable and well known in pharmacy and health care and they 
are obviously not claimed. 

All the amendments made are based on the former claims as filed 
and they only involve a rewording to improve clarity. 

Re Section V 

3. Inventive step 

The closest prior art is Dl wherein a comparative anti-tumour 
effect of different interf eron-alpha subtypes, including IFN-alpha 
5, is shown. The objective problem solved by the invention is that 
IFN-alpha 5 levels are reduced in liver tissue of patients 
suffering for chronic hepatitis C of viral origin. By supplying 
these patients with pharmaceutical compositions comprising IFN- 
alpha 5 itself or somatic gene therapy compositions comprising 
IFN-alpha 5 coding isolated DNA sequences, recover would be 
achieved. However, Dl emphasises the potent anti-viral effect of 
IFN-alpha 8 (page 1032, 3 rd paragraph, 1 st column) without saying 
- tgo much^ahout -I-FN-al-pha 5 . - Mo r eo ve r r Dl" (page- "1032 ," " 2 par agYaph", 
2 nd column) mentions the hypothesis that the existence of a 
multiplicity of I FN subtypes is due to the fact that different 
tissues may respond preferentially to a particular subtype. 
However, the results disclosed in Dl do not support that 
hypothesis, because the relative anti-viral properties of the 
different subtypes were broadly similar. D2 did not teach much on 
that direction. As a matter of fact, D2 uses a reccrrJoinant IFN- 
alpha (IFN-apha-2b) for treatment of chronic hepatitis C. It 
cannot be considered, consequently, as obvious to a skill man, 
departing from Dl's teaching about the unespecific anti-viral 
effect of IFN-alpha subtypes particularly regarding its tissular 
origin, to come to the conclusion achieved in the invention by 
reading D2 which discloses the use of a recombinant IFN-alpha not 
linked therefor, to any specific tissue. Consequently, in our 
opinion, the international application does involve inventive step 
cause it is not derived from the prior art in an obvious manner to 
a skill person. 

In any case, we respectfully request according to Rule 66.4 PCT 
and taking into account the deadline of 13.09.00 to have the 
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preliminary report established according to Rule 69.2, an 
additional opportunity to submit amendments. 
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BY COURIER 



Re: PCT Application No. ES99/00134 

Applicant: INSTITUTO CIE WTIFICO Y TECNOLOGICO - ,1 

Ladies & Gentlemen, 
^^te^ 

translation, amended fn order' to corr/ct I S ^"hT (E " 9liSh 

to overcome the observations In your brTef " deteCted and 

Re Section VII 

4. We believe that all clerical errors (VHP RMml - 
corrected. errors (VHC, RNAm) nas been duly 

Re Section VIII 

5. The term "essentially derived gene sequences" has been deleted. 

Items 6-9 have been ri^it- tI -i4-u i_ 

enclosed herewith lth by amendl ^ the claims as 

7. Former claim 5 has been deleted. 

3. Former claims 6-8, now ^ew cl^m<= r n u 

better put then, into the sTope of daim 1^* ~"° rdin 9 to 
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SECOND AMENDED SET OF CLAIMS 



Use of I FN- alpha 5 or the gen sequence coding for IFN- 
alpha 5 in the production of compositions useful for 
treatment of liver diseases. 

Use according to claim 1 wherein those compositions are 
useful against chronic hepatitis C. 

Use according to claim 1 wherein those compositions are 
useful against cirrhosis of viral original . 

Use according to claim 1 wherein those compositions are 
useful against hepatocellular carcinoma. 

Use according to anyone of claims 1-4 in which the 
composition comprises an I FN- alpha 5 recombinant protein 
"trained by cloning in a suitable host an expression 
vector comprising the gen sequence coding for I FN- alpha 5. 

Use according to claim 5 wherein in which the cloned host 
is a eucaryote organism, preferably Escherichia, coli. 



7. Use atcording to claim 5, in which the cloned host is a 
procaryote organism, preferably Solanum tuberosum. 

8. Use according to claims 1-7 in which the composition can 
be included in any foodstuff. 

9. Use according to claims 1-4, characterised by those 
compositions comprising the gen sequence coding for IFN- 
alpha 5 and being applied by somatic gene therapy. 




* The semm samples were oWned by centriftiging from venous blood collected in sterile 
tubes. The serum was kept at -40 °C until use. 



Analysis f the expression of IFNa and IFNp genes in the liver and PBMC 

RNAm levels of IFNa and IFNp were determined using a quantitative polymerase chain 
reaction reverse transcription (RT-PCR) method using a thermocycler (Perkin-Elmer Gene 
Amp PCR system 2400). Prior to reverse transcription 2 ug of total RNA (from both the 
liver and PBMC) were treated with 1 unit of deoxyribonuclease (DNAse I amplification 
grade, Gibco-BRL, Gaithersburg, MD, USA) to eliminate possible contaminating DNA. 
The presence of traces of DNA was checked by including control reactions without reverse 
transcription. This step is required because of the absence of inrxons in IFNa and IFNp 
genes (18), which made it impossible for us to distinguish the product of PCR from the 
RNA or possible contaminating DNA. All the conrrols performed without reverse 
transcription were negative, indicating the absence of contaminating DNA. Total RNA was 
transcribed (60 minutes at 37 °C) with 400 units of M-MuLV reverse transcriptase (Gibco- 
BRL, Gaithersburg, MD, USA) in a final volume of 40 ul of 5 x saline solution (250 mM 
Tris-HCl pH 8.3, 375 mM KC1, 15 mM MgClj), supplemented with 5 mM DTT, 0.5 mM 
triphosphate dfexyribonucleotides (Boehringer Mannheim, Mannheim, Germany), 48 units 
of RNAsas inhibitor (Promega Corporation, MIX US) and^400_ng_of-random hexamers 
(Boehringer Mannheim, Mannheim, Germany). After denaturing the reverse transcriptase 
(95 °C, 1 minute) and rapidly cooling over ice, a 10 ui aliquot (0.5 ug) of the cDNA was 
used to amplify the IFNa and IFNp by PCR in 50 ui of 10 x PCR buffer (160 mM 
(NrL.) 2 S0 4 , 670 mM Tris-HCl pH 8.8. 0.1% Tween 20) supplemented with the direction 
and antidirection primers (40 ng of each one for IFNa and 60 ng for IFNP), 1.2 mM 
MgCl 2 and 2 units of Biotaq™ DNA polymerase (Bioline. London, UK). Control reactions 
without RNA were performed in all the experiments. As an internal control for each sample 
a fragment of P-actin cDNA was amplified using a 10 ul aliquot of the cDNA obtained 
previously. The IFNa was amplified by performing 30 or 33 cycles (PBMC or liver 
respectively) (94°C, 60°C and 72°C during 20. 15 and 30 seconds for each step 
respectively), the INFB was amplified by performing 30 or 35 cycles (PBMC or liver 
respectively) (94°C, 58°C and 72°C for 20, 15 and 30 seconds for each step respectively) 
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Response to 2 nd preliminary opinion 

Ladies & Gentlemen, 

We reply :o the 2 nc written opinion drawn up by chat IPEA by 
enclosing new amended pages cf the specification and claims 
(English translation) prepared to overcome the observations 
raised ir. your brief. Also arguments are supplied hereto to 
support the patentability of our client' s invention. 

Re Section I 

The gen sequence (DNA) coding for I FN- alphas represented as 
SEQ ID N0:1 is disclosed in the specification as filed. By 
restricting "any isolated DNA sequence..." to "the gen 

sequence ", we believe there would be support enough in 

the description as formerly filed. The new amended set of 
claims is restricted in the way previously explained. In 
pages 12-15 of the international application (Spanish 
version) , cloning of the cDNA into E. coli to obtain IFN- 
alphaS recombinant protein is disclosed. The same applies in 
pages 15-16 for expression in Solanum tuberosum. 

Thus we believe the amendments made in this response ful- 
filled Art. 34(2) (b) PCT , because new amended claims drafted 
are even more precise on that respect. 

RE Secticn V 



Problem solution approach has been reformulated according to 
the examiner's suggestion. The technical problem to be solved 
is the use of IFN-alpha5 against viral liver diseases, 
particularly HCV. Dl taken as the closest prior art shows the 
anti -viral activity of several I subtypes of I FN but against 
EMC virus (Antiviral assays on page 102 8 using an encephalo- 
myelitis murine virus) . Moreover, the ceils used in the assay 
were liver tumor cells. That document shows that I FN- alpha 8 
has the most potent antiviral activity. Nothing is said about 
the activity of IFN-alpha5 against HCV, particularly having 
in mind the discovery of its diminished levels in liver of 
patients suffering for chronic hepatitis C of viral origin. 
Moreover, in page 1032, criticism is expressed in the sense 
that a I FN subtype is not specifically linked to a particular 
tissue from a point of view of its sensitivity against viral 
infections. We recall that IFN-alpha5 is the only IFN-alpha 
expressed in liver tissue from healthy patients. Differences 
between the virus used in the assays, and even their origins 
(human for HCV and murine for EMC) make little feasible to 
arrive to the technical solution disclosed in the invention 
by combining Dl with any other document. Particularly with D2 
which discloses the use of a recombinant IFN-aipha2b in 
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patients suffering from hepatitis C. But, again, nothing is 
said about IFN-alpha5. As matter of fact, combination of 
D1+D2 will not lead to a skill man to the solution proposed 
in the invention because, in the discussion on page 1031 of 
Dl, recombinant IFN-alpha protein subtypes are criticised. 

Re Section VTT 

New page 7 (English translation) is enclosed herewith with 
outstanding clerical errors handwritten amended. 

Re Section VTII 

New amended claims, we believe, are fully supported by the 
description as far 'as there are reasonable perspectives that 
a composition based on IFN-alpha5, which is the only I FN 
subtype expressed in healthy human livers and whose levels 
are decreased in livers of HCV patients, must be active 
against chronic hepatitis C of viral origin. Other elements 
that may form part of the composition (excipients, inert 
vehicles, solutions, disolvents, emulsions, etc) are all well 
known in the art and therefor, they are not claimed as such. 

We hope that the above arguments and the attached enclosures 
may overcome the objections raised in the preliminary 
opinion. Notwithstanding the previous statement, we will be 
available for a phone conversation or a video conference with 
the examiner in charge of this ap plication to f ur_the.r_ccrjne-n-fc- 
-or -to- clarify "any" outstanding question that might have remain 
yet unsolved, before the IPER will be issued. 



Yours faithfully 



ELZABURU 



Dr. iManuel Illescas 



Enclosures : 



- New set of amended claims in English. 

- Page 7 of the English translation 
amended in line 17 . 



The demand must be filed directly with^^zpmpetent International Preliminary Examining Autl 
fyith the one chosen by the applicant.^^^mull name or two-letter code of that Authority may 1 

IPEA/ European Patent Office 



r, if two or more Authorities are competent, 
Heated by the "Aine below; 



PCT 



CHAPTER H 



DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



Identification of IPEA 


Date of receipt of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 
PCT-51 


International application No. 
PCT/ES99/00134 


International filing date (day/month/year) 
13 May 1999 


(Earliest) Priority date (day/month/year) 
13 May 1998 



Title of invention " USE OP INTERFERON ALPHA 5 IN THE TREATMENT OF VIRAL 
LIVER DISEASES" 



Box No. II APPLICANTS) 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country.) 

INSTITUTO CIENTIFICO Y TECNOLOGICO DE 

NAVARRA , S . A . 

Avda. Pxo XII, 53 

31008 Pamplona - Navarra 

Spain 


Telephone No.: 


Facsimile No.: 


Teleprinter No.: 


State (that is, country) of nationality: 
SPAIN - 


State (that is t _coimpy) of residence:. _ - ■— 

SPAIN 



Name and address: (Family name followed by given name; for a legal entity t full official designation. The address must include postal code and name of country.) 



PRIETO VALTUENA , JESUS 
C/ Tudela, 22 - 49 
Pamplona - Navarra 
Spain 



State (that is, country) of nationality: 


State (that is, country) of residence: 


SPAIN 


SPAIN 


Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 


CIVEIRA MURILLO, Ni PILAR 




C/ Irunlarrea, 35 - le 




Pamplona — Navarra 




Spain 




State (that is, country) of nationality: 


State (that is, country) of residence: 


SPAIN 


SPAIN 



Further applicants are indicated on a continuation sheet. 



Form PCT/EPE A/401 (first sheet) (July 1998) See Notes to the demand form 
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Sheet No. . . 



International application No. 
PCT/ES99/00134 



Continuati n f Box No. II APPLICANT(S) 



If none of the following sub-boxes is used, this sheet should not be included in the demand. 



Name and address: ( Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country. 

LARREA LEOZ, ESTHER 

Avda. Sancho el Fuerte, 34 - 3S C 
Pamplona — Navarra 
Spain 



State (that is, country) of nationality: 
SPAIN 



State (that is, country) of residence: 
SPAIN 



Name and address: ( Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country. 



State (that is, country) of nationality: 



State (that is, country) of residence: 



Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 



State (that is, country) of nationality: 



State (that is, country) of residence: 



Name and address : (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 



State (that is, country) of nationality: 



State (that is, country) of residence: 



| Further applicants are indicated on another continuation sheet. 



Form PCT/IPEA/401 (continuation sheet) (July 1998) 



See Notes to the demand form 



Sheet No. . ?. 



Internationa] application No. 
PCT/ES99/00134 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is | y [ agent | | common representative 

and | j has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

I I is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

| | is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
the agent(s)/common representative appointed earlier. 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country.) 

ELZABURU MARQUEZ, ALBERTO 
Miguel Angel , 21 
28010 - Madrid 
Spain 



Telephone No.: 

91 700.94.00 



Facsimile No.: 

91 319.38.10 



Teleprinter No.: 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

1. The applicant wishes the international preliminary examination to start on the basis of: 
the international application as originally filed 
the description 1 | as originally filed 

1 1 as amended under Article 34 

the claims | j as originally filed 

I 1 1 as amended under Article 19 (together with any accompanying statement) 
1 | as amended under Article 34 



the drawings [^] as originally filed 

I | as amended under Article 34 

The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3. | | The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69. 1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 

Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 19 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: Engl ish 
which is the language in which the international application was filed, 
which is the language of a translation furnished for the purposes of international search. 
I. I which is the language of publication of the international application. 

IX I which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chapter H of 
thePCT) 

excluding the following States which the applicant wishes not to elect: 



Form PCT/IPEA/401 (second sheet) (July 1998) 



See Notes to the demand form 



Sheet No. 



International application No. 
PCT/ES99/00134 



B x N .VI CHECK LIST 



The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 



1 . translation of international application 

2. amendments under Article 34 

3. copy (or, where required, translation) of 
amendments under Article 19 

4. copy (or, where required, translation) of 
statement under Article 19 

5. letter 

6. other (specify) statement on 
sequence listing 



22 



1 
1 



sheets 
sheets 

sheets 

sheets 
sheets 
sheets 



For International Preliminary 
Examining Authority use only 



received 


not received 


| — I 
1 1 


I — | 
1 1 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 



The demand is also accompanied by the item(s) marked below: 

1. | j fee calculation sheet 4. [^] statement explaining lack of signature 



2- | | separate signed power of attorney 

3 - | | copy of general power of attorney; 

reference number, if any: 



5 - IX I nucleotide and or amino acid sequence listing in 
computer readable form 

6. [x] other (specify): Additional 



roprooontativco 

Box No. Vn SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Next to each signature, indicate the name of the person agning and the capacity in which the person signs (if such capacity is not obvious from reading the demand). 



Elxabwrv 




For International Preliminary Examining Authority use only 
1 . Date of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 



3. I I The date of receipt of the demand is AFTER the expiration of 1 9 months 
I— J from the priority date and item 4 or 5, below,. does not apply. 



□ Hie applicant has been 
informed accordingly. 



4 * CD RuTe t 805° f reCeipt ° f ^ demand is WITHIN the period of 19 months from the priority date as extended by virtue of 



5. I I Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 
« ■ is EXCUSED pursuant to Rule 82. 



For International Bureau use only 



Demand received from IPEA on: 



Form PCT/IPE A/401 (last sheet) (July 1998) 



See Notes to the demand form 



PCT 



CHAPTER n 



International 
application No. 



FEE CALCULATION SHEET 
Annex to the Demand for international preliminary examination 

— For International Preliininary Examining Authority use only 



PCT/ES99/00134 



Applicant* s or agent' s pr m c 1 

file reference 



Date stamp of the IPEA 



Applicant 

INSTITOTO CIENTIFICO Y TECNOLOGICO DE NAVARRA S.A 



Calculation of prescribed fees 



1 . Preliminary examination fee 



EUR 



1.533 



2. Handling fee (Applicants from certain States are 
entitled to a reduction of 75% of the handling fee. 
Where the applicant is (or all applicants are) so en- 
titled, the amount to be entered at H is 25% of the I « rra 
handling fee.) . I ^UK 



3. Total of prescribed fees 

Add the amounts entered at P and H 
and enter total in the TOTAL box 



148 



EUR 1.681 



TOTAL 



Mode of Payment 

a authorization to charge deposit 
account with the IPEA (see below) 

| J cheque 

| | postal money order 

f | bank draft 



| | cash 

| | revenue stamps 

| | coupons 

1 | other (specify): 



Deposit Account Authorization (this mode of payment may not be available at all IPEAs) 
The IPEA/ EPO £X] is hereby authorized to charge the total fees indicated abo^to my deposit accoi 

fx] (this check-box may be marked only if the conditions foriepdit accounts of m 
" — ■ authorized to charge any deficiency or credit any ofen*yment in the to 
my deposit account. * r 



permit) is hereby 
indicated above to 



■^gA2Q00ft 



Deposit Account Number 



17 November 1 QQQ 

Date (day/month/year) 



signature 




Form PCT/IPEA/401 (Annex) (July 1998) 



See Notes to the fee calcimition sheet 



ADDITIONAL REPRESENTATIVE (S) 



ADDITIONAL SHEET PERTAINING TO INTERNATIONAL 
PATENT APPLICATION IN THE NAME OF INSTITUTO 
CIENTIFICO Y TECNOLOGICO DE NAVARRA, S.A., 
CORRESPONDING TO INTERNATIONAL PATENT APPLI- 
CATION N° PCT/ES99/00134 OF 13 MAY 1999. 

ADDITIONAL REPRESENTATIVES 




ALL WITH PROFESSIONAL PRACTICE AT MIGUEL ANGEL 
N 2 21, MADRID, SPAIN 



Mr. Enrique Armijo, Proxy of Mr. Alberto de Elzaburu, as 
representative of Instituto Cientifico y Tecnologico de Navarra, 
S.A. in the prosecution of PCT application for M USE OF INTERFERON 
ALPHA 5 IN THE TREATMENT OF VIRAL LIVER DISEASES", 

DECLARES 

that, in virtue of Art. 13 ter of the PCT Rules, the sequence 
listing attached herewith in computer readable system, does not 
include which goes beyond the disclosure in the international 
application as filed. 



I sign the present declaration in Mad^3d, Spain, iOiis 17 th day of 
November 1999. ft fl 
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PETITORIO PCT PCT-51 

Original (para PRESENTACION) - imprimido el 11.05.1999 01:21:40 PM 



0 

0-1 


Para uso de la Oficina receptora 
unicamente 

Solicitud internacional No.. 




0-2 


Fecha de presentaci6n internacional 




0-3 


Nombre de la Ofidna receptora y 
"Solicitud Internacional PCT" 






0-4 

0-4-1 


Formulario - PCT/RO/101 Petitorio 
PCT 

Preparado usando 


PCT-EASY Version 2.84 
(actualizado el 01.04.1999) 


0-5 


Peticion 

El abajofirmante solicita que la presente 
solicitud internacional sea procesada de 
acuerdo con el Tratado de Cooperaci6n 
en materia de Patentes 




0-6 


Oficina receptora (indicada por el 
solicitante) 


Oficina Espanola de Patentes y Marcas 
(RO/ES) 


0-7 


Referencia al expediente del 
solicitante o del mandatario 


PCT-51 


I 


Titulo de la invencidn 


USO DEL INTERFERON ALFA- 5 EN EL 
TRATAMIENTO DE LAS HEPATOPATIAS VX RALES 


II 

11-1 
II-2 

II-4 

II-5 

II-6 
II-7 


Solicitante 

Esta persona es: 

Solicitante para 

Nombre 

Direction: 

Estado de nacionalidad 
Estado de domicilio 


solicitante unicamente 

todos los Estados desighados salvo los 

Estados Unidos de America 

INSTITUTO CIENTIFICO Y..TECNOLOGICO DE 

NAVARRA," s : A . 

Avenida Pio XII, 53 

310 08 Pamplona, Navarra 

Spain 

ES 

ES 


111-1 

111-1-1 

111-1-2 
111-1-4 
IIM-5 

llt-1-6 
111-1-7 


Solicitante e/o inventor 

Esta persona es: 

Solicitante para 

Nombre (APELLIDOS, Nombre) 
Direcci6n: 

Estado de nacionalidad 
Estado de domicilio 


solicitante e inventor 

Estados Unidos de America unicamente 

PRIETO VALTUENA, Jesus 

Tudela, 22-4° 

Pamplona, Navarra 

Spain 

ES 

ES 
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PETITORIO PCT 

Original (para PRESENTACION) - imprimido el 1 1 .05. 1 999 01:21 :40 PM 



PCT-51 



111-2 


Solicitante e/ invent r 




111-2-1 


Esta persona es: 


solicitante e inventor 


III-2-2 


Solicitante para 


Estados Unidos de America, unicamente 


III-2-4 


Nombre (APELLIDOS, Nombre) 


CTVETRA MTJRIIjIjO M a Pilar 


III-2-5 


Direcci6n: 


Trunlarrea 35 - 1 ° 

Pamplona, Navarra 
Spain 


III-2-6 


Estado de nacionalidad 


ES 


III-2-7 


Estado de domicilio 




111-3 


Solicitante e/o inventor 




111-3-1 


Esta persona es: 


solicitante e inventor 


III-3-2 
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The invention relates to the 
use of the interferon alpha 5 in the 
treatment of viral hepatophaties. 
The invention describes the re- 
duced synthesis of IFNof5 in the 
livers of patients with hepatitis 
C in comparison to healthy liv- 
ers. The sub-type of IFN ex- 
pressed in said healthy livers cor- 
responded only to the sub-type al- 
pha 5 in comparison with the dif- 
ferent sub-types expressed in ill 
livers. The sequence SEQ ID 
NO:! shows the partial sequence 
of cDNA corresponding to IFNorS. 
These significant differences be- 
tween the expression patterns of 
some livers and others demonstrate 
the importance of the use of such 
interferon sub-type in the fabrica- 
tion of compositions useful in the treatment of viral hepatophaties. The invention discloses in details such utilization in different forms and 
processes, including thoses which use the production of recombinant proteins from sequences of the type SEQ ID NO: I. 
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(57) Resumen 

La invenci6n describe la sfntesis disminuida de IFNaS en higados de pacientes con hepatitis C, firente a hfgados de controles sanos. 
EI subtipo de IFN expresado en dichos hfgados sanos, correspondi6 unicamente al subtipo alfa 5, frente a los diferentes subtipos expresados 
en hfgados enfeimos. En SEQ ID NO:l se muestra la secuencia parcial de cADN conrespondiente a IFNarS. Estas diferencias significativas 
entrc los patrones de expiesi6n de uhos hfgados y otros ponen de manifiesto la importancia del uso de este subtipo de interferon en la 
fabricaci6n dc composiciones utiles en el tratamiento de hepatopatfas de origen viral En la invention se describe pormenorizadamente esta 
utilizaci6n bajo diferentes formas y procedirnientos, incluyendo aquellos que utilizan la producci6n de protefnas recombjnantes, a partir dc * 
secuencias tipo SEQ ID NOrL _ \ ___ 
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USO DEL INTERFERON ALFA 5 EN EL TRATAMIENTO DE LAS 
HEPATOPATIAS VT RALES 

Ambito de la invencion 

La invencion se relaciona con v la produccion de 
interferon alfa 5 para su utilizacion en composiciones uti- 
les en el tratamiento de las hepatopatias de origen viral. 

Hemos comprobado que el IFN-alfa 5 es el unico subtipo 

10 de interferon alfa producido en el higado sano y que sus 
niveles se encuentran claramente descendidos en la hepati- 
tis crdnica C lo que pone de manifiesto el valor terapeu- 
tico de esta sustancia en el tratamiento de esta enfermedad 
y de otras hepatitis viricas. Al conocerse la secuencia 

15 genica codificante de este interferon,, la produccion del 
mismo por tecnologia de ADN recombinante en diferentes 
huespedes, permite el desarrollo de farmacos eficaces para 
el tratamiento de este tipo de hepatopatias, en sus dife- 
rentes fases de evolucion. 

20 

Estado de la tecnica anterior 

Las celuias infectadas pueden reconocer la presencia 
de virus iniciando senales que llevan a la transcripcion y 

25 secrecion de interferon tipo I (IFNa e IFNp) . El IFNa es 
una familia de 13 polipeptidos (subtipos) codificados por 
diferentes genes. El ' IFNP es una glicoproteina producida 
por un unico gen. Di versos tipos celulares producen tanto 
IFNa como IFNp (1,2) . 

30 La infeccion viral es el principal estimulo para la 

produccion de interferon tipo I, aunque tambien existen 
ctros factores que pueden aumentar su sintesis, como son 
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componentes bacterianos, RNA de doble cadena, factores de 
crecimiento y otras citoquinas (1) . Ademas de la accion an- 
tiviral del IFNa, este puede interactuar con ciertas cito- 
quinas y con las celulas T regulando el crecimiento y 
diferenciacion de las celulas del sistema inmune (3). Los 
genes del IFNa son expresados constitutivamente en tejidos 
humanos de individuos sanos (4), aunque la expresion de de- 
terminados subtipos esta restringida a ciertos tipos celu- 
lares (5,6). La induccion de I FN por virus es regulada 
principalmente a nivel transcripcional. La activacion 
transcripcional especifica ocurre por la interaccion de 
factores celulares inducidos por virus con los dominios 
reguladores de los promotores de los genes del IFNa. (7) . 

Todos los subtipos de IFNa e IFNp poseen un receptor 
comun en la super ficie de las celulas. Ensayos de competi- 
cion de union al receptor de diversos subtipos de IFNa in- 
dican que todos ellos se unen al mismo receptor, pero con 
diferente afinidad (8) : La actividad biologica de los dife- 
rentes subtipos de IFNa es poco conocida. Los subtipos de 
interferon IFNa 5 e IFNa8 parecen ser los que tienen mayor 
actividad antiviral. La respuesta antiprolif erativa tambien 
es diferente entre los diversos subtipos (9) . En humanos, 
las celulas mononuclears de sangre perif erica no estimula- 
das expresan diversos subtipos de IFNa (10) . 

Un mecanismo comun de 1 persistencia de la infeccion 
viral es la evasion del sistema del I FN . Muchos virus han 
desarrollado estrategias para evitar los efectos antivi- 
rales del I FN . Concretamente, un defecto selectivo en la 
produccion de IFNa ha sido descrito en monocitos infectados 
por el virus de la inmunodef iciencia humana (11) . 
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El virus de la hepatitis C (VHC) es un virus RNA de 
cadena sencilla que conlleva a una . inf eccion cronica en mas 
de dos tercios de las personas infectadas. La prevalencia 
de inf eccion por el VHC es alrededor del 2 al 3% en la 
5 poblacion occidental. Estudios desarrollados en Europa 
muestran que el 33% de los pacientes con infeccicn cronica 
por el VHC desarrollan cirrosis en un tiempo medio inferior 
a 20 afios (12). Una proporcion signif icativa de estos 
pacientes desarrollan cancer hepatico, con una incidencia 

10 anual del 1,4% (13). Ha sido dificil encontrar la razon del 
alto grado de persistencia de la inf eccion por ei VHC. La 
alta tasa de mutaciones del virus y la produccign de un 
perfil predominante de citoquinas Th2 respecto a Thl han 
sido descritas como las respdnsables de este alto grado de 

15 persistencia de la infecci6n. El tratamiento con I FN induce 
una respuesta sostenida en alrededor del 30% de los 
pacientes con hepatitis cronica C. El mecanismo responsable 
de respuesta o no respuesta al tratamiento con I FN- es poco 
conocido. 

20 El sistema del I FN apenas ha sido esrudiado. en la 

inf eccion cronica por ei VHC. No existe un modelo animal 
apropiado de infeccion cronica por el VHC, por ello, los 
estudios realizados en humanos son la unica fuente de 
informacidn sobre la patof isiologia y patogenesis de la 

25 hepatitis cronica C. En la presente invencion se describe 
la expresion de los genes IFNa e IFNp en higado y en celu- 
las mononucleares de sangre periferica (CMSP) de controles 
sanos y pacientes con hepatitis cronica C. Ademas, nemos 
analizado el subtipo de IFNa expresado en tejido hepatico 

30 normal y tejido hepatico de pacientes con hepatitis cronica 
C. La expresion de los diferentes subtipos de IFNa tambien 
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fue analizada en CMSP de controles sanos y de pacientes con 
hepatitis cronica C. 
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DESCRIPCION DE IA INVENCION 

10 Pacientes y controles 

La expresion genica de IFNa e IFNP fue analizada en 
muestras de biopsias hepaticas de 16 pacientes con hepa- 
titis cronica C (9 hombres y 7 mujeres, rango de edad.de- 24 
hasta 71 anos). Cinco de estos pacientes presentaban 

15 cirrosis. El genotipo viral se determino en 14 pacientes y 
resulto ser lb en 10 pacientes, la en 2 pacientes y geno- 
tipo 3 en 1 paciente. 

Ademas, la expresion genica de IFNa. e IFN(3 fue detor- 
minada en 12 muestras de higado normal obtenidas medianre 

20 laparatomia de 12 pacientes control (9 hombres y 3 mujeres, 
rango de edad de 49 hasta 70 anos) . La laparatomia fue 
realizada debido a la presencia de tumores digestivos en 10 
pacientes (4 de colon-recto, 5 gastricos y 1 pancreatico) , 
debido a pancreatitis cronica en 1 paciente y a la presen- 

25 cia de quiste hiatidico en otro paciente. En los doce casos 
la histologia hepatica era normal. Ninguno de estos casos 
control habia recibido tratamiento previamente a la obten- 
cion de la muestra hepatica. 

Los niveles de RNAm de IFNa e IFNp tambien fueron de- 

30 terminados en CMSP de 25 pacientes' con hepatitis cronica C 
(14 hombres y 11 mujeres, rango de edad de 24 hasta 69 
anos) (cuatro de estos pacientes presentaban cirrosis) y en 
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CMSP de 23 controles sanos (10 hombres y 13 mujeres, rango 
de edad de 25 hasta 66 anos) . El genotipo viral de estos. 
pacientes era lb en 22 pacientes, la en dos pacientes y 3 
en 1 paciente. 

' 5 El diagnostico de hepatitis cronica C se baso en una 

elevacion de transaminasas sericas durante mas.de 6 meses, 
positividad para los anticuerpos anti-VHC (E.LISA 2 a genera- 
cion, Ortho Diagnostic System, Raritan, NJ, USA) , presencia 
de RNA del virus C en suero ( transcripcion reversa-reaccion 

10 en cadena de la polimerasa) , y evidencia histologica de 
hepatitis cronica. La severidad del dano hepatico fue eva- 
luado por el indice de Knodell (16). Fueron excluidas otras 
causas.de hepatitis cronica diferentes al virus, de la 
hepatiris C. Ninguno de los pacientes: habia recibido trata- 

15 miento con IFNa durante, al menos, los 6 meses previos al 
estudio. 

Preparacion de las znuestras hepaticas, CMSP y suero 

Las muestras hepaticas fueron obtenidas mediante 
20 biopsia hepatica realizada con aguja de biopsia Tru-Cut 
(Baxter, Deerf ieid, IL) . Un tercio de la muestra se congelo 
inmediatamente en nitrogeno liquido y se guardo a -80°C 
hasta la extraccion del RNA total. El resto de la muestra 
se utilizo para el estudio histologico . . 
25 Las CMSP se aislaron a partir de sangre heparinizada 

mediante un gradiente de densidad con Lymphoprep (Nycomed 
Pharma As, Oslo, Noruega) , centrif ugadas a 600 g durante 30 
minutos. Despues de la centrif ugacion, las CMSP fueron re- 
cogidas, lavadas 5 veces con CINa al 0,9% y lisadas con la 
30 solucion desnaturalizante de proteinas Ultraspec™ (Biotech 
Laboratories, Houston, USA) . El iisado celular fue guardado 
a -80°C hasta la extraccion del RNA total que fue realizada 
segun el metodo de Chomcznski y Sacchi (17). 
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Las muestras de suero fueron obtenidas mediante cen- 
trifugacion a partir de sangre venosa recogida en tubos 
esteriles. El suero se guardo a -40°C hasta su utilizacion. 

5 Analisis de la expresion genica de IFNa e IFNP en higado y 
CMSP 

Los niveles de RNAm de IFNa e IFNP fueron determinados 
mediante un metodo cuantitativo de transcripcion reversa- 
reaccion en cadena de la polimerasa (RT-PCR) , utilizando un 

10 termociclador ( Perkin-Elmer Gene Amp PCR system 2400). Pre- 
viamente a la transcripcion reversa, 2 |ig de RNA total 
(tanto de higado como de CMSP) fueron tratados con 1 unidad 
de desoxirribonucleasa (DNase I amplification grade, Gibco- 
BRL, Gaithersburg, MD, USA) para eliminar el posible DNA 

15 contaminante. La presencia de trazas de- DNA fue chequeada 
incluyendo reacciones control sin transcripcion reversa. 
Este paso es requerido debido a la ausencia de intrones en 
los genes de IFNa e IFNP (18), lo que nos hace indistingui- 
ble el producto de PCR procedente del RNA o del posible DNA 

2Z contaminante . Todos los controles realizados sin trans- 
cripcion reversa fueron negativos, indicando ausencia de 
DNA contaminante. El RNA total fue transcrito (60 minutos a 
37°C) con 400 unidades de M-MuLV transcriptasa reversa 
(Gibco-BRL, Gaithersburg, Md, USA) en un volumen final de 

25 40 |il de solucion salina 5x (250 mM Tris-HCl pH 8,3, 375 
mM KC1, 15 mM MgCl : ) , suplementado con 5mM DTT, 0, 5mM 
desoxirribonucleotidos trifosfato (Boehringer Mannheim, 
Mannheim, Alemania) , 4 8 unidades inhibidor de RNAsas 
(Promega Corporation, MD, US) y 400 ng de hexameros aleato- 

30 rios (Boehringer Mannheim, Mannheim, Alemania) . Despues de 
desnaturalizar la transcriptasa reversa (95°C, 1 minuto) y 
rapidamente. enfriar sobre hielo, una alicuota de 10 \il (0,5 
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ug) del cDNA fue utilizada para la amplif icacion de IFNa e 
IFNp por PCR en 50 ul de lOx bufer de PCR (160 mM (NH4) 2 SO ( , 
670 mM Tris-HCl pH 8,8, 0,1% Tween 20) suplementado con los 
cebadores sentido y antisentido (40 ng de cada uno para 
IFNa y 60 ng para IFNp) , 1,2 mM MgCl, y 2 unidades de 
Biotaq™ DNA polimerasa (Bioline, Londres, UK). En todos los 
experiments fueron realizadas reacciones control sin RNA. 
Como control interno de cada muestra se realizaron amplif i- 
caciones de un fragmento de cDNA p-actina, utilizando una- 
alicuota de 10 ul del cDNA pbtenido anteriormente. El IFNa 
fue amplificado realizando 30 o 33 ciclos (CMSP o higa- 
do respectivamente) (94°C, 60°C y 72°C durante 20, 15, y 30 
segundos cada paso respectivamente), el IFNp fue amplifi- 
cado realizando 30 o 35 ciclos (CMS P o higado respectiva- 
mente) (94°C, 58°C y 72°C durante 20, 15, y 30 segundos ca- 
da paso respectivamente) y la p-actina fue amplif icada rea- 
lizando 18 o 25 ciclos (PBMC o higado respectivamente) 
(94°C, 55°C y 72°C durante 20, 15, y 30 segundos cada paso 
respectivamente), protocolos que evitan interf erencias con 
la fase de saturacion de la reaccion de PCR. Los oligo- 
nucleotidos (5'-3') d ( TCCATGAGATGATCCAGCAG ) y 

d (ATTTCTGCTCTGACAACCTCCC) fueron utilizados como cebadores 
sentido y antisentido, respectivamente, para amplificar un 
fragmento de 274 pares de bases localizado entre los nu- 
cleotides 240-514 del gen humano del IFNa (19). Estos oli- 
gonucleotides son cebadores consenso disenados para ampli- 
ficar todos los subtipos de IFNa . Los oligonucleotides 
d(TCTAGCACTGGCTGGAATGAG) y d (GTTTCGGAGGTAACCTGTAAG) fueron 
los cebadores utilizados para amplificar un fragmento de 
276 pares de bases localizado entre los nucleotidos 349-625 
del cDNA del IFNP humano (20). d ( TCTACAATGAGCTGCGTGTG) y 
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d(GGTGAGGATCTTCATGAGGT) fueron los cebadores utilizados 
para amplificar un fragmento de 314 pares de bases (nu- 
cleotides 1319-2079) del gen de la p-actina (21) . 

Despues de las reacciones de amplif icacion, 20 p.i del 
producto de PCR fueron corridos en un gel de agarosa al 2% 
tenido con bromuro de etidio. Las bandas obtenidas se vi- 
sualizaron con una lampara de luz ultravioleta y fueron 
analizadas con un programa comercial (Molecular Analyst/PC, 
Bio-Rad) , capaz de digitalizar y analizar la imagen obteni- 
da. Finalmente, los valores correspondienres a la expresion 
genica del IFNa o IFNP fueron normalizados con sus corres- 
pondientes de p-actina. Los resultados se expresaron como 
el cociente entre el valor de IFNa o IFNP y el correspon- 
diente de p-actina. Previamente, nosotros demostramos que 
el RNAm de p-actina se expresaba constantemente tanto en 
higado como en CMSP de pacientes con hepatitis cronica C 
(22), lo que nos permite normalizar los valores de IFNa e 
IFNP con los obtenidos de p-actina. 

Se reaiizaron curvas de validacion de la necnica cie 
PCR partiendo de cantidades conocidas de RNA total (de 0 
hasta 1 ug) . Como se observa en ia figura 3, con las canti- 
dades de RNA -otal inicial utilizadas para IFNa, IFNP o p- 
actina (0,5 ug, tanto en higado como en CMSP), nos 
encontramos en el rango lineal de la curva de amplif icacion 
de la PCR. El coeficiente de variacion interensayo para 
IFNa/p-actina fue 22% y para IFNp/p-actina fue 24%. Se 
comprobo la identidad del producto de PCR obtenido para 
IFNa e IFNP mediante secuenciacion automatica (ABI PRISM™ 
310 Genetic Analizer, Perkin Elmer) . 
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Identifieacion de los subtipos de IFNa 

La extraccion de RNA total, transcripcion reversa y 
reaccion de PCR se realizo como describimos anteriormente, 
utilizando los cebadores consenso de IFNa mencionados. El 
producto de PCR obtenido fue clonado utilizando el kit 
comercial de clonaje TOPO TA (Invitrogen, Leek, Holanda) . 
Al menos 6 clones de cada inserto fueron secuenciados en un 
secuenciador automatico ABI PRISM 310 (Perkin Elmer, 
Foster, CA) , utilizando el kit de secuenciacion Dye 
Rhodamine Terminator Cycle Secuencing Kit (Perkin Elmer, 
Forxer CA) . 

Deteccion, cuaiitif icacion y genotipaje del RNA del virus C 

La presencia del RNA del virus C en suero se determino 
mediante la tecnica de RT-PCR (14, 22), utilizando 2 pares 
de cebadores especificos de la region 5 'no codificante del 
genoma del virus C. El RNA del virus C fue cuantificado 
mediante la' tecnica de ECR . competitive descrita por noso- 
tros anteriormente (22). El genotipo viral fue determinado 
siguiendo el metodo de Viazov (23) y como anteriormente ya 
fue descrito (22,24). Para dererminar el genotipo 4 se 
utilizo la sonda 5 'G (A, G) CCGTCTTGGGGCC (A, C) AAATGAT . 

Axialisis estadistico 

Los resultados de IFNa e IFNP son presentados como la 
media±error standard. La normalidad de las variables fue 
escudiada con el test de Shapiro-Wilks . El analisis esta- 
distico de los valores de IFNa e IFNp en CMSP o higado se 
realizo con test no-parametricos (Mann-Whitney U test) o 
parametricos (T de Student) . La asociacion entre variables 
cuantitativas fue estudiada con el coeficiente de correla- 
cion de Pearson o Spearman, segun correspondia . Para reali- 
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zar el analisis estadistico se utilizo el programa informa- 
tico SPSS 6.0 de Windows. 

Produccion de proteina recombinante 

5 Expresion y purificacion de interf eron- a 5 humano en esche- 
richia coli: 

A pesar de que la expresion de cDNAs procedentes de 
organismos eucariotas en Escherichia coli asegura, en ge- 

10 nerai, un alto nivel de produccion, el aislamiento y puri- 
ficacion de la proteina de interes implica procedimientos 
complejos asi como bajos rendimientos . Por esta razon, se 
utilizan vectores de expresion que facilitan la obtencion 
de proteinas de fusidn cuya purificacion se reduce a un 

15 paso de cromatograf ia de afinidad, de alto rendimiento y 
eficacia. 

Const ruccion del vector de expresion y obtencion de 
bacterias recombinant es 

20 El cDNA que codifica para el interf eron-a5 se clonara 

en el vector pET14b (disponible comercialmente, Novagen) . 
Este vector proporciona una secuencia que codifica para una 
serie de residues de histidina (1 kDa) y que se traduciran 
en fase con el cDNA clonado para rendir una proteina de 

25 fusion que contendra en su extremo amino terminal una cola 
de histidinas de 1 kDa y a continuacion el interf eron-a5, 
con un sitio de corte por trombina entre ambos . 

Una vez obtenido el vector de expresion, se prepararan 
bacterias competentes de la cepa BL2KDE3) ya que esta cepa 

30 contiene un gen inducible de la RNA polimerasa de T7, que 
sera un requisito necesario para la posterior produccion de 
proteina. Las bacterias competentes se transf ormaran con el 
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vector obtenido previamente (pET14b con el cDNA del 
interferon-a5 clonado) . Las bacterias transf ormadas se 
seleccionaran por su crecimiento en medio LB con 
ampicilina, ya que el vector contiene un gen de resistencia. 
a este antibiotico. 

Expresion y purificacion del interferon-a5 : 

Las bacterias transf ormadas se creceran en medio LB 
con, ampicilina a 37°C hasta una densidad optica de 0,4 a 
600 nra. A continuacion se inducira la expresion de, la 
proteina recombinante con IPTG a . una concentracion final de 
0.5 mM. De esta forma se induce el promoter lae y como 
consecuencia, el promotor de la . RNA poiimerasa de T7 que 
contiene el vector y que regula la expresion del cDNA 
clonado. El cultivo se crecera 4 haras mas en las mismas 
condiciones. 

. Para obtener los extractos, una vez crecidas las bac- 
terias, se centrifugaran a 4°C. Las bacterias precipitadas . _ 
se resuspenderan en un tampon Tris/HCl 10 mM, sacarosa 10%, 
2-mercaptoetanol 2 mM e inhibidores de proreasas. La homo- 
geneizacion se realizara por sonicacion tras una incubacion 
de 30 minutos con lisozima a 4°C. Esto permitira romper la 
pared bacteriana y mejorar el rendimiento del proceso de 
extraccion. El extracto citosolico se obtendra a partir de 
la centrifugacion del homogenado a 100. 000 x g durante 90 
minutos. La produccion de proteina se verificara mediante 
el analisis de la fraccion citosolica por SDS-PAGE. 

La purificacion de la proteina de fusion His- 
interf eron-ot5 se purificara mediante la cromatograf ia del 
extracto citosolico en una columna de Niquel de 2 ml.. Tras 
el lavado de la columna, la proteina se eluira con 1 M 
inddazol. La proteina pura se procesara con trombina y el 



, WO 99/58143 



PCT/ES99/0O-I34 



- 15 - 

interferon-ct5 se repurificara posteriormente mediante cro- 
matografia de exclusion molecular. 

Expresion y purificacion de interferon-g5 humano en solanum 
5 tuberosum: 

Construccion del vector de expresion y obtencion de plantas 
transgenicas 

El cDNA que codifica para el interf eron-a5 se clonara 

10 en un. vector de expresion de Agrobacterium turns fa ciens. Es- 
te vector ccniiene el promotor de la patacina (proteina mas 
abundante en el tuberculo de Solanum tuberosum), ademas de 
una . secuencia que codifica para una serie de residuos de 
histidina (1 kDa) y que se traduciran en fase con el cDNA 

15 clonado para rendir una proteina de fusion que contendra.en 
su extremo amino terminal una cola de histidinas de 1 kDa y 
a continuacicn el interf eron-a5, con un sitio de corte por 
trombina entre ambos. 

Una vez obtenido el vector de expresion, se prepararan 

20 bacterias ccmpenentes de la cepa GV2260 de Agrobaczerium 
tumefaciens. Las bacterias competentes se transf ormaran con 
el vector obTiehido previamente. Las bacterias transf ormadas 
se seleccionaran por su crecimiento en medio LB con 
kanamicina, ya que el vector contiene un gen de resistencia 

25 a este antibiotico. 

Postericrmente se realizara un cocultivo de las bacte- 
rias transfcrmadas con el material vegetal (hojas de Sola- 
num tuberosum cultivadas in vitro) y se seleccionaran las 
celulas vegecaies resistentes a kanamicina. Estas celulas 

30 se regenerarar. hasta la obtencion de plantas transgenicas. 



Obtencion y. purificacion del interf eron-a5 : 
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Se realizara una extraccion de proteina total a partir 
de tuberculos de las plantas transgenicas que expresen el 
interf eron-a5 . 

La. * purif icacion de la proteina de fusion His- 
5 interf eron-a5 se realizara mediante la cromatograf ia del 
extracto proteico obtenido en una columna de Niquel de 2 
ml. Tras el lavado de la columna, la proteina se eluira con 
1 M imidazol. La proteina pura se procesara con trombina y 
el interferon-a5 se repurificara posteriormente mediante 
10 cromatograf ia de exclusion molecular. 

Subtipos de IFNa en tejido hepatico normal y CMSP de 
ixidividuos sanos 

Despues de la extraccion del RNA total de las muestras 

15 de tejido hepatico normal, el RNAm del IFNa fue amplificado 
utilizando cebadores universales para t.odos los subtipos de 
IFNa. Posteriormente, los productos de amplif icacion de PCR 
fueron clonados y secuenciados . Se analizaron 41 clones de 
cuatrc higados normales diferentes y observamos que la 

20 secuencia de IFNa de los 41 clones era la misma y ccrres- 
pondia al subtipo IFNaS (Tabla 1). Estos resultados mues- 
tran que el IFNaS es el unico subtipo de IFNa expresado en 
higado normal. La secuencia parcial de cADN de I FN alfa 5 
obtenida para todos los clones se muestra como SEQ ID NO:l. 

25 Para comparar el perfil de subtipos de I FN expresados 

en el higado con el expresado en CMSP, se extra jo el RNA 
total de CMSP de 5 controles sanos y se amplified el RNAm 
de IFNa con los cebadores universales de todos los subtipos 
de IFNa. De los 43 clones analizados, 15 correspondian al 

30 subtipo IFNa5 f 14 al IFNal/13, 6 al IFNa21 y 8 clones a 
otros subtipos de IFNa (Tabla 1}. Estos resultados indican 
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que el perfil de subtipos de IFNa expresado en CMSP difiere 
del expresado en higado normal. 

Subtipos de IFNa en tejido hepatico y CMSP de pacientes con 
5 hepatitis cronica C 

Los resultad'os anteriores muestran que el higado nor- 
mal expresa IFNotS, mientras que las CMSP expresan una va- 
riedad de subtipos de IFNa. En el parenquima hepatico de 
pacientes con hepatitis cronica C existe infiltrado de 

1C celulas mononucleares, siendo estas una fuente importante 
cie IFNa. Ello sugiere que el perfil de subtipos de IFNa 
expresado en el higado de pacientes con hepatitis cronica C 
pbdria diferir del perfil encontrado en higado normal. Para 
estudiar la expresion de subtipos de IFNa en la hepatitis 

15 cronica C, extrajimos el RNA total de muestras hepaticas de 
3 pacientes diferentes y de 2 muestras de CMSP. Despues de 
amplificar el RNAm de IFNa con cebadores universales para 
todos los subtipos, clonamos y secuenciamos 24 clones de 
tejido hepatico y 18 clones de CMSP. Como se muesira en la 

20 tabla 1, las CMSP de pacientes con hepatitis cronica C ex- 
presan IFNa21, IFNaS y IFNa7 (5, 12 y 1 clon respectiva- 
mente) . En tejido hepatico de estos pacientes encontramos 
ademas del subtipo IFNaS , los subtipos IFNa21, IFNal7 y 
IFNal/13 (8, 1 y 2 clones respect ivajnente) (Tabla 1). 

25 Estos datos sugieren que la produccion de IFNa por el 

infiltrado de celulas mononucleares puede causar un cambio 
en el perfil de subtipos de IFNa expresados en el tejido 
hepatico de pacientes con hepatitis cronica C. 

30 Niveles de expresion de RNAm de IFNa en CMSP y en higado de 
pacientes con hepatitis cronica C y controles 
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El RNA total fue extraido de muestras de CMSP e higado 
de pacientes con hepatitis cronica C (n=25 y 16, 
respectivamente) , de muestras de CMSP de controles sanos 
(n=20) y muestras de tejido hepatico normal cbtenidas me- 
5 diante laparatomia (n=12) . Los niveles de RNAm de IFNot 
fueron determinados mediante la tecnica semicuantitativa de. 
transcripcion. reversa-reaccion en cadena de la polimerasa 
(RT-PCR) , utilizando cebadores universales para amplif icar 
todos los. subtipos de IFNa. Los valores son expresados como 

10 el cociente entre el RNAm de IFNa/RNAm de p-actina. 

Encontramos que los niveles de expresion de. IFNa . en . 
CMSP de pacientes con hepatitis cronica C estaban signifi- 
cativamente aumentados comparados con los hallados en con- 
troles sanos (3,2±0,48 vs 1,14±0,26; p=0,001) (Fig, 1A) . Este 

15 resultado era esperado en una. infeccion viral como la 
hepatitis C, en la que se encuentran -infectadas. las CMSP 
(14). Por el contrario, los niveles de expresion de RNAm de 
IFNa estaban signif icativamente disminuidos en tejido hepa- 
tico de pacientes con hepatitis cronica C comparado con el 

20 expresado en higado normal (0,12±0,Q3 vs 0,43±0,12; p=0,003) 
(Fig IB) . 

Como hemos observado anteriormente el IFNa5 es el uni- 
co subtipo de IFNa detectado en higado normal, mientras que 
en tejido heparico de pacientes con hepatitis cronica C se 

25 observa una mezcla de subtipos. Nue.stros hallazgos indican 
que en la infeccion por VHC existe una marcada reduccion en 
la expresion del subtipo de IFNa constitutivamente expre- 
sado en el tejido hepatico. Interesantemente, los niveles 
de RNAm de IFNa en higado de pacientes con hepatits cronica 

30 C muestran una correlacion directa con el indice de Knodell 
(r=0 / 54; p<0,05". Este hallazgo, junto con la observacion 
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que los subtipos de IFNa detectados en higado de pacientes 
con hepatitis cronica C son ios observados en CMSP, sugiere 
que la mayor parte del RNAm de IFNa encontrado en higado de 
hepatitis C proviene del infiltrado inf lamaccrio. Parece 
5 posible que la reduccion en la expresion del IFNa hepatico 
(IFNa5) pueda jugar un papel en la cronif icacion de la 
infeccion por VHC. Por ello, estas observaciones pueden 
tener implicaciones terapeuticas si ademas tenemos en cuen- 
ta la marcada actividad antiviral y antiproliferative el 
10 IFNa 5 descrita por otros autores (9) . 

Niveles de expresion de RNAm de IFNP en CMSP y en higado de 
pacientes con hepatitis cronica C y controles 

El IFNP, la segunda forma mayoritaria. del interferon 

15 tipo I, es una glicoproteina producida por un unico gen.. En 
las infecciones virales, los genes de IFNa e IFNP son acti- 
vados o reprimidos transcripcionalmente a traves de diver- 
sos mecanismos {15). Para analizar la expresion del IFNP en 
la hepatitis cronica C determinamos los niveles de RNAm de 

20 IFNp en las mismas muestras de tejido hepatico y CMSP que 
previamente habiamos determinado la expresion de IFNa. 

Como se muestra en la figura 2, observamos que los 
niveles de RNAm de IFNP (expresados como cociente con sus 
respectivos de p-actina) eran signif icativamente mas altos, 

25 tanto en CMSP como en higado, de pacientes con hepatitis 
cronica C comparados con los hallados en CMSP de controles 
sanos e higados normales (1,66+0,2 vs 0,88±0,16; p=0,008 en 
CMSP y 1,37±0,23 vs 0,97±0,16; p=O,011 en higado). Estos 
resultados muesrran que mientras el VHC causa represion del 

30 IFNa en higado, la expresion de IFNP esta aumentada tanto 
en higado Como en CMSP. Ello indica que el VHC modula de 
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diferente forma los diferentes genes del I FN de tipo I en 
higado, bloquea la produccion de IFNa pero permite una 
sobreexpresioB de IFNjJ. 

Relacion entre la expresion de los genes de IFNa e IENP con 
la carga viral, genotipo y dano hepatico en la hepatitis 
cronica C 

Para determinar si la expresion genica del IFNa o IFNP 
pudiera estar relacionada con la carga viral o el genotipo, 
cuantificanraos el RNA del virus G en suero de todos los 
pacientes mediante la tecnica de PCR competitivo y 
determinamos el genotipo del VHC por un metodo de hibrida- 
cion con sondas especificas. No encontramos correlacion en- 
tre la expresion de los genes de IFNa o IFNp (en higado o 
CMSP) y los niveles de RNA del virus C en suero o el 

genotipo viral. 

Al analizar la relacion entre la expresion de los 
genes de I FN tipo I y la intensidad de dano hepatico en 
pacientes con hepatitis cronica C, encontramos que los ni- 
veles de RNAm de IFNP en higado se correlacionaban direc- 
tamente con los valores de aspartato aminotransf erasa se- 
rica (r=0,64, p=0,008), y con ei indice de Knodell (r=0,66, 
p=0,006). De igual forma los valores de RNAm de IFNa en 
higado mostraban una correlacion directa y positiva ccn el 
indice de Knodell como mencionamos anteriormente . 
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Tabla 1. Subtipos de IFNa en controles y pacientes con 
hepatitis cronica C. 





Higaclo 


CMSP 


Control 1 


9 clones 
IFNA5 




Control 2 


9 clones 
IFNA5 




Control 3 


11 clones 
IFNA5 




Control 4 


12 clones 
IFNA5 




Control 5 




3 clones IFNAb 

4 clones IFNA21 
2 clones IFNAl 


Control 6 




8 clones I FN A 5 


Control / 




10 clones 
IFNA1/13 
1 clon IFNA8 


Control 8 




3 clones IFNAb 
2 clones IFNA21 
2 clones 
IFNA1/13 
1 clon IFNA22 


Control 9 




2 clones IFNA1U 
1 clon IFNA5 
1 clon IFNA2 
1 clon IFNA7 
1 clon IFNA8 
1 clon I FN A 4 


RNA-VHC (+) 
1 


6 clones 
IFNA5 

2 clones 
IFNA21 
1 clon 
IFNAl 7 


7 clones IFNAb 
I clon IFNA21 
I clon IFNA7 


RNA-VHC (+) 
2 


2 clones 
IFNA5 

4 clones 
IFNA21 


5 clones IFNAb 
4 clones IFNA21 


RNA-VKC ( + ) 
3 


5 clones 
IFNA5 

2 clones 
IFNA21 

2 clones 
IFNAl 
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Deseripcion de las Figuras 

Figura 1: Expresion de RNAm de interferon alfa/ p-actina 
(eje de ordenadasj en celulas mononucleares de sangre 
periferica (A) y en higado (B) , de controles sanos y 
pacientes con hepatitis cronica C (HCV-RNA +) (eje de 
abcisas) . 

Figura 2: Expresion de RNAm de interferon beta/p-actina 
(eje de ordenadas) en celulas mononucleares de sangre 
periferica (A) y en higado (B) , de controles sanos (C) y 
pacientes con hepatitis cronica C (HCV-RNA +) (eje de 
abcisas) . 

Figura 3: Relacion entre la cantidad inicial de RNA total 
(abcisas) y la intensidad de banda del producto de PCR 
obtenido tras la amplif icacion del RNAm de IFNa, (•) IFNp 
(•*■) y p-actina (♦) (en ordenadas como cuentas x mm-) en 
muestras de CMSP (A) y de higado (B) . 
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REIVINDICACIONES 



10 



15 



1. - Uso del IFN-alfa 5 o de la secuencia genica que lo 
codif ica y/o sus secuencias genicas esenciaiinente deriva- 
das, para la fabricacion de composiciones utiles en el tra- 
tamiento de enfermedades hepaticas. 

2. - Uso de acuerdo con la reivindicacion 1, para la 
fabricacion de composiciones utiles en el tratamiento de la 

hepatitis C cronica. 

3. - Uso.de acuerdo con la reivindicacidn 1, para la 
fabricacion de composiciones utiles en el tratamiento.de la 
cirrosis de origen viral. 

4. - Uso de acuerdo con la reivindicacion 1, para la 
fabricacion de composiciones utiles en el tratamiento del 
carcinoma hepatocelular . 

5. - Uso de acuerdo con cualquiera de las reivindica- 
ciones 1-4, en el que la composicion fabricada se utiliza 
para inducir geneticamente la sintesis fisiologica, dirigi- 
da a nivel nuclear, en celulas hepaticas enfermas deficita- 
rias en dicha sintesis, de interferon alfa 5. 

6. - Uso de acuerdo con cualquiera de las reivindica- 
clones 1-4, en el que la fabricacion de la composicion con- 
siste en desarrollar una proteina recombinante de aplica- 
cion humana, mediante la clonacion de un vector de expre- 
sion en un huesped apropiado. 

7. - Uso de acuerdo con la reivindicacion 6, en que el 
huesped cionado es un organismo eucariota, pref erentemente 

30 Escherichia Coli. 

8. - Uso de acuerdo con la reivindicacion 6, en el que 
el huesped cionado es un organismo procariota, pref erente- 
mente Solanum tuberosum. 



20 



25 
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9. - Uso de acuerdo con cualquiera de las reivindica- 
ciones anteriores, en que la composicion fabricada es una 
composicion ingerible como alimento. 

10. - Uso de acuerdo con las reivindicaciones 1 a. .4, 
caracterizado en que la composicion fabricada es una compo- 
sicion de terapia genica somatica. 
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USO DEL INTERFERON ALFA 5 EN EL TRATAMI ENTO DE LAS 
HEPATOPATIAS VIRALES 

Ambito de la invencion 

5 

La invencion se relaciona con la produccion de 
interferon alfa 5 para su utilizacion en composiciones uti- 
les en el tratamiento de las hepatopatias de origen viral. 

Hemos comprobado que el IFN-alfa 5 es el unico subtipo 

10 de interferon alfa producido en el higado sano y que sus 
niveles se encuentran claramente descendidos en la hepati- 
tis cronica C lo que pone de manifiesto el valor terapeu- 
tico de esta sustancia en el tratamiento de esta enfermedad 
y de otras hepatitis viricas. Al conocerse la secuencia 

15 genica codificante de este interferon, la produccion del 
mismo por tecnologia de ADN recombinante en diferentes 
huespedes, permite el desarrollo de farmacos eficaces para 
el tratamiento de este tipo de hepatopatias, en sus dife- 
rentes fases de evolucion. 

20 

Estado de la tecnica anterior 

Las celulas infectadas' pueden reconocer la presencia 
de virus iniciando senales que llevan a la transcripcion y 

25 secrecion de interferon tipo I (IFNoc e IFN|3) . El IFNa es 
una familia de 13 polipeptidos (subtipos) codificados por 
diferentes genes. El IFNJ5 es una glicoproteina producida 
por un unico gen. Di versos tipos celulares producen tanto 
IFNa como IFNp (1,2) . 

30 La infeccion viral es el principal estimulo para la 

produccion de interferon tipo I, aunque tambien existen 
otros factores que pueden aumentar su sintesis, como son 
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componentes bacterianos, RNA de doble cadena, f actor es de 
crecimiento y otras citoquinas (1) . Ademas de la accion an- 
tiviral del IFNa, este puede interactuar con ciertas cito- 
quinas y con las celulas T regulando el crecimiento y 
5 diferenciacion de las celulas del sistema inmune (3) . Los 
genes del IFNa son expresados constitutivamente en tejidos 
humanps de individuos sanos (4), aunque la expresion de de- 
terminados subtipos esta restringida a ciertos tipos celu- 
lares (5,6), La induccion de I FN por virus es regulada 

10 principalmente a nivel transcripcional . La activacion 
transcripcional especifica ocurre por la interaccion de 
factores celulares inducidos por virus con los dominios 
reguladores de los promotores de los genes del IFNa. (7) . 

Todos los subtipos de IFNa e IFNp poseen un receptor 

15 coraun en la superficie de las celulas. Ensayos de competi- 
cion de union al receptor de diversos subtipos de IFNa in- 
dican que todos ellos se unen al mismo receptor, pero con 
diferente afinidad (8) . La actividad biologica de los dife- 
rentes subtipos de IFNa es poco conocida. Los subtipos de 

20 interferon IFNaS e IFNa8 parecen ser los que tienen mayor 
actividad antiviral. La respuesta antiprolif erativa tambien 
es diferente entre los diversos subtipos (9) . En humanos, 
las celulas mononucleares de sangre periferica no estimula- 
das expresan diversos subtipos de IFNa (10) . 

25 Un mecanismo comun de persistencia de la infeccion 

viral es la evasion del sistema del I FN. Muchos virus han 
desarrollado estrategias para evitar los efectos antivi- 
rales del I FN. Concretamente, un defecto selectivo en la 
produccion de IFNa ha sido descrito en monocitos infectados 

30 por el virus de la inmunodef iciencia humana (11) . 
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El virus de la hepatitis C (VHC) es un virus RNA de 
cadena sencilla que conlleva a una infeccidn cr6nica en mas 
de dos tercios de las personas infectadas. La prevalencia 
de infeccion por el VHC es alrededor del 2 al 3% en la 
poblacidn occidental. Estudios desarrollados en Europa 
muestran que el 33% de los pacientes con infecci6n cronica 
por el VHC desarrollan cirrosis en un tiempo medio inferior 
a 20 anos (12). Una proporcion signif icativa de estos 
pacientes desarrollan cancer hepatico, con una incidencia 
anual del 1,4% (13). Ha sido dificil encontrar la razon del 
alto grado de persistencia de la infeccion por el VHC. La 
alta tasa de mutaciones del virus y la produccion de un 
perfil predominante de citoquinas Th2 respecto a Thl han 
sido descritas como las responsables de este alto grado de 
persistencia de la infecci6n. El tratamiento con I FN induce 
una respuesta sostenida en alrededor del 30% de los 
pacientes con hepatitis cronica C. El mecanismo responsable 
de respuesta o no respuesta al tratamiento con I FN es poco 
conocido. 

El sistema del I FN apenas ha sido estudiado en la 
infeccion cronica por el VHC. No existe un modelo animal 
apropiado de infeccion cronica por el VHC, por ello, los 
estudios realizados en humanos son la unica fuente de 
informacion sobre la patofisiologia y patogenesis de la 
hepatitis cr6nica C. En la presente invencion se describe 
la expresion de los genes IFNa e IFNp en higado y en celu- 
las mononucleares de sangre periferica (CMSP) de controles 
sanos y pacientes con hepatitis cronica C. Ademas, hemos 
analizado el subtipo de IFNa expresado en tejido hepatico 
normal y tejido hepatico de pacientes con hepatitis cronica 
C. La expresion de los diferentes subtipos de IFNa tambien 
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fue analizada en CMSP de controles sanos y de pacientes con 
hepatitis cronica C. 
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DESCRIPCION DE LA INVENCION 

Pacientes y controles 

La expresion genica de I FN a e IFNJ3 fue analizada en 
muestras de biopsias hepaticas de 16 pacientes con hepa- 
titis cronica C (9 hombres y 7 mujeres, rango de edad de 24 
hasta 71 anos) . Cinco de estos pacientes presentaban 
cirrosis. El genotipo viral se determino en 14 pacientes y 
resulto ser lb en 10 pacientes, la en 2 pacientes y geno- 
tipo 3 en 1 paciente. 

Ademas, la expresion genica de IFNa e IFNP fue deter- 
minada en 12 muestras de higado normal obtenidas mediante 
laparatomia de 12 pacientes control (9 hombres y 3 mujeres, 
rango de edad de 49 hasta 70 anos). La laparatomia fue 
realizada debido a la presencia de tumores digestivos en 10 
pacientes (4 de colon-recto, 5 gastricos y 1 pancreatico) , 
debido a pancreatitis cronica en 1 paciente y a la presen- 
cia de quiste hiatidico en otro paciente. En los doce casos 
la histologia hepatica era normal. Ninguno de estos casos 
control habia recibido tratamiento previamente a la obten- 
cion de la muestra hepatica. 

Los niveles de RNAm de IFNa e IFNP tambien fueron de- 
terminados en CMSP de 25 pacientes con hepatitis cronica C 
(14 hombres y 11 mujeres, rango de edad de 24 hasta 69 
anos) (cuatro de estos pacientes presentaban cirrosis) y en 
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CMSP de 23 controles sanos (10 hombres y 13 mujeres, rango 
de edad de 25 hasta 66 anos) . El genotipo viral de estos 
pacientes era lb en 22 pacientes, la en dos pacientes y 3 
en 1 paciente. 

5 El diagnostico de hepatitis cronica C se baso en una 

elevacion de transaminasas sericas durante mas de 6 meses, 
positividad para los anticuerpos anti-VHC (ELISA 2 a genera- 
cion, Ortho Diagnostic System, Raritan, NJ, USA) , presencia 
de RNA del virus C en suero (transcripcion reversa-reaccion 

10 en cadena de la polimerasa) , y evidencia histologica de 
hepatitis cronica. La severidad del dano hepatico fue eva- 
luado por el indice de Knodell (16) . Fueron excluidas otras 
causas de hepatitis cronica diferentes al virus de la 
hepatitis C. Ninguno de los pacientes habia recibido trata- 

15 miento con IFNa durante, al menos, los 6 meses previos al 
estudio. 

Preparacion de las muestras hepaticas, CMSP y suero 

Las muestras hepaticas fueron obtenidas mediante 
20 biopsia hepatica realizada con aguja de biopsia Tru-Cut 
(Baxter, Deerfield, IL) . Un tercio de la muestra se congelo 
inmediatamente en nitrogeno liquido y se guardo a -80°C 
hasta la extraccion del RNA total. El resto de la muestra 
se utilizo para el estudio histologico. 
25 Las CMSP se aislaron a partir de sangre heparinizada 

mediante un gradiente de densidad con Lymphoprep (Nycomed 
Pharma As, Oslo, Noruega) , centrifugadas a 600 g durante 30 
minutos. Despues de la centrifugacion, las CMSP fueron re- 
cogidas, lavadas 5 veces con CINa al 0,9% y lisadas con la 
30 solucion desnaturalizante de proteinas Ultraspec™ (Biotech 
Laboratories, Houston, USA) . El lisado celular fue guardado 
a -80°C hasta la extraccion del RNA total que fue realizada 
segun el metodo de Chomcznski y Sacchi (17) . 
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Las muestras de suero fueron obtenidas mediante cen- 
trifugacion a partir de sangre venosa recogida en tubos 
esteriles. El suero se guardo a -40°C hasta su utilizaci6n. 

Analisis de la expresion genica de IFNoc e IEN{3 en higado y 
CMSP 

Los niveles de RNAm de IFNa e IFNp fueron determinados 
mediante un metodo cuantitativo de transcripci6n reversa- 

reaccion en cadena de la polimerasa (RT-PCR) , utilizando un 
termociclador (Per kin-Elmer Gene Amp PCR system 2400) . Pre- 
viamente a la transcripcion reversa, 2 jag de RNA total 

(tanto de higado como de CMSP) fueron tratados con 1 unidad 
de desoxirribonucleasa (DNase I amplification grade, Gibco- 
BRL, Gaithersburg, MD, USA) para eliminar el posible DNA 
contaminante . La presencia de trazas de DNA fue chequeada 
incluyendo reacciones control sin transcripcion reversa. 
Este paso es requerido debido a la ausencia de intrones en 
los genes de IFNa e IFNp (18), lo que nos hace indistingui- 
ble el producto de PCR procedente del RNA o del posible DNA 
contaminante. Todos los controles realizados sin trans- 
cripcidn reversa fueron negativos, indicando ausencia de 
DNA contaminante. El RNA total fue transcrito (60 minutos a 
37 °C) con 400 unidades de M-MuLV transcriptasa reversa 
(Gibco-BRL, Gaithersburg, Md, USA) en un volumen final de 
40 nl de solucion salina 5x (250 mM Tris-HCl pH 8,3, 375 
mM KC1, 15 mM MgCl 2 ) , suplementado con 5mM DTT, 0,5mM 
desoxirribonucleotidos trifosfato (Boehringer Mannheim, 
Mannheim, Alemania) , 48 unidades inhibidor de RNAsas 
(Promega Corporation, MD, US) y 400 ng de hexameros aleato- 
rios (Boehringer Mannheim, Mannheim, Alemania) . Despues de 
desnaturalizar la transcriptasa reversa (95°C, 1 minuto) y 
rapidamente enfriar sobre hielo, una alicuota de 10 y.1 (0,5 
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\ig) del cDNA fue utilizada para la amplif icacion de IFNa e 
IFNJ3 por PCR en 50 jxl de lOx bufer de PCR (160 mM (NH4) 2 S0 4 , 
670 mM Tris-HCl pH 8,8, 0,1% Tween 20) suplementado con los 
cebadores sentido y antisentido (40 ng de cada uno para 
5 IFNa y 60 ng para IFNf}) , 1,2 mM MgCl 2 y 2 unidades de 
Biotaq™ DNA polimerasa (Bioline, Londres, UK) . En todos los 
experimentos fueron realizadas reacciones control sin RNA. 
Como control interno de cada muestra se realizaron amplifi- 
caciones de un fragmento de cDNA (3-actina, utilizando una 

10 alicuota de 10 j-il del cDNA obtenido anteriormente . El IFWa 
fue amplificado realizando 30 o 33 ciclos (CMSP o higa- 
do respect ivamente) (94°C, 60°C y 72°C durante 20, 15, y 30 
segundos cada paso respect ivamente) , el IFN{5 fue amplifi- 
cado realizando 30 o 35 ciclos (CMSP o higado respectiva- 

15 mente) (94°C, 58°C y 72°C durante 20, 15, y 30 segundos ca- 
da paso respectivamente) y la fi-actina fue amplif icada rea- 
lizando 18 o 25 ciclos (PBMG o higado respectivamente) 
(94°C, 55°C y 72°C durante 20, 15, y 30 segundos cada paso 
respectivamente) , protocolos que evitan interf erencias con 

20 la fase de saturacion de la reaccion de PCR. Los oligo- 
nucleotides (5' -3 ' ) d (TCCATGAGATGATCCAGCAG) y 
d (ATTTCTGCTCTGACAACCTCCC) fueron utilizados como cebadores 
sentido y antisentido, respectivamente, para amplif icar un 
fragmento de 274 pares de bases localizado entre los nu- 

25 cleotidos 240-514 del gen humano del IFNa (19) . Estos oli- 
gonucleotides son cebadores consenso disenados para ampli- 
ficar todos los subtipos de IFNa. Los oligonucleotides 
d (TCTAGCACTGGCTGGAATGAG) y d ( GTTTCGGAGGTAACCTGTAAG ) fueron 
los cebadores utilizados para amplificar un fragmento de 

30 27 6 pares de bases localizado entre los nucleotidos 349-625 
del cDNA del IFN(3 humano (20). d (TCTACAATGAGCTGCGTGTG) y 
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d (GGTGAGGATCTTCATGAGGT) fueron los cebaciores utilizados 
para amplificar un fragmento de 314 pares de bases (nu- 
cleotides 1319-2079) del gen de la p-actina (21). 

Despues de las reacciones de amplif icacion, 20 jal del 
5 producto de PCR fueron corridos en un gel de agarosa al 2% 
tenido con bromuro de etidio. Las bandas obtenidas se vi- 
sualizaron con una lampara de luz ultravioleta y fueron 
analizadas con un programa comercial (Molecular Analyst/PC, 
Bio-Rad) , capaz de digitalizar y analizar la imagen obteni- 

10 da. Finalmente, los valores correspondientes a la expresion 
genica del IFNa o IFNP fueron normalizados con sus corres- 
pondientes de p-actina. Los resultados se expresaron como 
el cociente entre el valor de IFNa o IFNP y el correspon- 
diente de p-actina. Previamente, nosotros demostramos que 

15 el RNAm de p-actina se expresaba constantemente tanto en 
higado como en CMSP de pacientes con hepatitis cronica C 
(22) , lo que nos permite normalizar los valores de IFNa e 
IFNp con los obtenidos de p-actina. 

Se realizaron curvas de validacion de la tecnica de 

20 PCR partiendo de cantidades conocidas de RNA total (de 0 
hasta 1 jag) . Como se observa en la figura 3, con las canti- 
dades de RNA total inicial utilizadas para IFNa, IFNP o p- 
actina (0,5 (ig, tanto en higado como en CMSP), nos 
encontramos en el rango lineal de la curva de amplif icacion 

25 de la PCR. El coeficiente de variacion interensayo para 
IFNa/p-actina fue 22% y para IFNp/p-actina fue 24%. Se 
comprobo la identidad del producto de PCR obtenido para 
IFNa e IFNp mediante secuenciacion automatica (ABI PRISM™ 
310 Genetic Analizer, Perkin Elmer) . 



30 
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Identif icacion de los subtipos de IFNa 

La extraccion de RNA totals transcripcion reversa y 
reaccion de PCR se realizo como describimos anteriormente, 
utilizando los cebadores consenso de IFNa mencionados. El 
5 producto de PCR obtenido fue clonado utilizando el kit 
comercial de clonaje TOPO TA (Invitrogen, Leek, Holanda) . 
Al menos 6 clones de cada inserto fueron secuenciados en un 
secuenciador automatico ABI PRISM 310 (Perkin Elmer, 
Foster, CA) , utilizando el kit de secuenciacion Dye 
10 Rhodamine Terminator Cycle Secuencing Kit (Perkin Elmer, 
Forter CA) . 

Deteccion, cuantif icacion y genotipaje del RNA del virus C 

La presencia del RNA del virus C en suero se determino 
15 mediante la tecnica de RT-PCR (14, 22), utilizando 2 pares 
de cebadores especificos de la region 5 'no codificante del 
genoma del virus C. El RNA del virus C fue cuantif icado 
mediante la tecnica de PCR competitiva descrita por noso- 
tros anteriormente (22) . El genotipo viral fue determinado 
20 siguiendo el metodo de Viazov (23) y como anteriormente ya 
fue descrito (22,24). Para determinar el genotipo 4 se 
utilizo la sonda 5 ' G (A, G) CCGTCTTGGGGCC ( A, C ) AAATGAT . 

Analisis estadistico 

25 Los resultados de IFNa e IFN|3 son presentados como la 

media+error standard. La normalidad de las variables fue 
estudiada con el test de Shapiro-Wilks . El analisis esta- 
distico de los valores de IFNa e IFN|3 en CMSP o higado se 
realizo con test no-parametricos (Mann-Whitney U test) o 

30 parametricos (T de Student) . La asociacion entre variables 
cuantitativas fue estudiada con el coeficiente de correla- 
cion de Pearson o Spearman, segun correspondia. Para reali- 
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zar el analisis estadistico se utilizo el programa informa- 
tico SPSS 6.0 de Windows. 

Produccion de proteina recombinante 

5 Expresion y purificacion de interf eron-a5 humano en esche- 
richia coli: 

A pesar de que la expresion de cDNAs procedentes de 
organismos eucariotas en Escherichia coli asegura, en ge- 

10 neral, un alto nivel de produccion, el aislamiento y puri- 
ficacion de la proteina de interes implica procedimientos 
complejos asi como bajos rendimientos . Por esta razon, se 
utilizan vectores de expresion que facilitan la obtencion 
de proteinas de fusion , cuya purificacion se reduce a un 

15 paso de cromatograf ia de afinidad, de alto rendimiento y 
eficacia. 

Construccion del vector de expresion y obtencion de 
bacterias recornbinantes 

20 El cDNA que codifica para el interf eron-a5 se clonara 

en el vector pET14b (disponible comercialmente, Novagen) . 
Este vector proporciona una secuencia que . codifica para una 
serie de residuos de histidina (1 kDa) y que se traduciran 
en fase con el cDNA clonado para rendir una proteina de 

25 fusion que contendra en su extremo amino terminal una cola 
de histidinas de 1 kDa y a continuacion el interf eron-aS, 
con un sitio de corte por trombina entre ambos . 

Una vez obtenido el vector de expresion, se prepararan 
bacterias competentes de la cepa BL21(DE3) ya que esta cepa 

30 contiene un gen inducible de la RNA polimerasa de T7, que 
sera un requisito necesario para la posterior produccion de 
proteina. Las bacterias competentes se transf ormaran con el 
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vector obtenido previamente (pET14b con el cDNA del 
interf eron-a5 clonado) . Las bacterias transf ormadas se 
seleccionaran por su crecimiento en medio LB con 
ampicilina, ya que el vector contiene un gen de resistencia 
5 a este antibiotico. 

Expresion y purificacion del interf eron-a5 : 

Las bacterias transf ormadas se creceran en medio LB 
con ampicilina a 37°C hasta una densidad optica de 0,4 a 

10 600 nm. A continuacion se inducira la expresion de la 
proteina recombinante con IPTG a una concentracion final de 
0,5 mM. De esta forma se induce el promotor lac y como 
consecuencia, el promotor de la RNA polimerasa de T7 que 
contiene el vector y que regula la expresion del cDNA 

15 clonado. El cultivo se crecera 4 horas mas en las mismas 
condiciones. 

Para obtener los extractos, una vez crecidas las bac- 
terias, se centrif ugaran a 4°C. Las bacterias precipitadas 
se resuspenderan en un tampon Tris/HCl 10 mM, sacarosa 10%, 

20 2-mercaptoetanol 2 mM e inhibidores de proteasas. La homo- 
geneizacion se realizara por sonicacion tras una incubacion 
de 30 minutos con lisozima a 4°C. Esto permitira romper la 
pared bacteriana y mejorar el rendimiento del proceso de 
extraccion. El extracto citosolico se obtendra a partir de 

25 la centrif ugacion del homogenado a 100.000 x g durante 90 
minutos. La produccion de proteina se verificara mediante 
el analisis de la fraccion citosolica por SDS-PAGE. 

La purificacion de la proteina de fusion His- 
interf eron~ct5 se purificara mediante la cromatograf ia del 

30 extracto citosolico en una columna de Niquel de 2 ml. Tras 
el lavado de la columna, la proteina se eluira con 1 M 
imidazol. La proteina pura se procesara con trombina y el 
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interf eron-a5 se repurificara posteriormente mediante cro- 
matografia de exclusion molecular. 

Expresion y purificacion de interf eron-a5 humano en solanum 
5 tuberosum: 

Construccion del vector de expresion y obtencion de plantas 
transgenicas 

El cDNA que codifica para el interf eron-a5 se clonara 

10 en un vector de expresion de Agrobacterium tumefaciens . Es- 
te vector contiene el promotor de la patatina (proteina mas 
abundante en el tuberculo de Solanum tuberosum) , ademas de 
una secuencia que codifica para una serie de residuos de 
histidina (1 kDa) y que se traduciran en fase con el cDNA 

15 clonado para rendir una proteina de fusion que contendra en 
su extremo amino terminal una cola de histidinas -de 1 kDa y 
a continuacion el interf eron-ot5, con un sitio de corte por 
trombina entre ambos. 

Una vez obtenido el vector de expresion, se prepararan 

20 bacterias competentes de la cepa GV2260 de Agrobacterium 
tumefaciens . Las bacterias competentes se transf ormaran con 
el vector obtenido previamente. Las bacterias transf ormadas 
se seleccionaran por su crecimiento en medio LB con 
kanamicina, ya que el vector contiene un gen de resistencia 

25 a este antibiotico. 

Posteriormente se realizara un cocultivo de las bacte- 
rias transf ormadas con el material vegetal (hojas de Sola- 
num tuberosum cultivadas in vitro) y se seleccionaran las 
c§lulas vegetales resistentes a kanamicina. Estas celulas 

30 se regeneraran hasta la obtencion de plantas transgenicas. 

Obtencion y purificacion del interf eron-cc5 : 
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Se realizara una extraccion de proteina total a partir 
de tuberculos de las plantas transgenicas que expresen el 
interf eron-a5 . 

La purificacion de la proteina de fusion His- 
5 interf eron-<x5 se realizara mediante la cromatograf ia del 
extracto proteico obtenido en una columna de Niquel de 2 
ml. Tras el lavado de la columna, la proteina se eluira con 
1 M imidazol. La proteina pura se procesara con trombina y 
el interf eron-cc5 se repurificara posteriormente mediante 
10 cromatograf ia de exclusion molecular. 

Sub tip os de IFNa en tejido hepatico normal y CMSP de 
individuos sanos 

Despues de la extraccion del RNA total de las muestras 

15 de tejido hepatico normal, el RNAm del IFNa fue amplificado 
utilizando cebadores universales para todos los subtipos de 
IFNa. Posteriormente, los productos de amplif icacion de PCR 
fueron clonados y secuenciados . Se analizaron 41 clones de 
cuatro higados normales diferentes y observamos que la 

20 secuencia de IFNa de los 41 clones era la misma y corres- 
pondia al subtipo IFNaS (Tabla 1) . Estos resultados mues- 
tran que el IFNaS es el unico subtipo de IFNa expresado en 
higado normal. La secuencia parcial de cADN de IFN alfa 5 
obtenida para todos los clones se muestra como SEQ ID NO:l. 

25 Para comparar el perfil de subtipos de IFN expresados 

en el higado con el expresado en CMSP, se extra jo el RNA 
total de CMSP de 5 controles sanos y se amplified el RNAm 
de IFNa con lbs cebadores universales de todos los subtipos 
de IFNa. De los 43 clones analizados, 15 correspondian al 

30 subtipo IFNaS, 14 al IFNal/13, 6 al IFNa21 y 8 clones a 
otros subtipos de IFNa (Tabla 1) . Estos resultados indican 
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que el perfil de subtipos de IFNa expresado en CMSP difiere 
del expresado en higado normal. 

Subtipos de IFNa en fcejido hepatico y CMSP de pacientes con 
5 hepatitis cronica C 

Los resultados anteriores muestran que el higado nor- 
mal expresa IFNaS, mientras que las CMSP expresan una va- 
riedad de subtipos de IFNa. En el parenquima hepatico de 
pacientes con hepatitis cronica C existe infiltrado de 

10 c^lulas mononucleares, siendo estas una fuente importante 
de IFNa. Ello sugiere que el perfil de subtipos de IFNa 
expresado en el higado de pacientes con hepatitis cronica C 
podria diferir del perfil encontrado en higado normal. Para 
estudiar la expresion de subtipos de IFNa en la hepatitis 

15 cronica C, extra jimos el RNA total de muestras hepaticas de 
3 pacientes diferentes y de 2 muestras de CMSP. Despues de 
amplificar el RNAm de IFNa con cebadores universales para 
todos los subtipos, clonamos y secuenciamos 24 clones de 
tejido hepatico y 18 clones de CMSP. Como se muestra en la 

20 tabla 1, las CMSP de pacientes con hepatitis cronica C ex- 
presan IFNa21, IFNa5 y IFNa 7 (5, 12 y 1 clon respectiva- 
mente) . En tejido hepatico de estos pacientes encontramos 
ademas del subtipo IFNaS, los subtipos IFNa21, IFNal7 y 
IFNal/13 (8, 1 y 2 clones respectivamente) (Tabla 1) . 

25 Estos datos sugieren que la produccion de IFNa por el 

infiltrado de celulas mononucleares puede causar un cambio 
en el perfil de subtipos de IFNa expresados en el tejido 
hepatico de pacientes con hepatitis cronica C. 

30 Niveles de expresion de RNAm de IFNa en CMSP y en higado de 
pacientes con hepatitis cronica C y controles 
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El RNA total fue extraido de muestras de CMSP e higado 
de pacientes con hepatitis cronica C (n=25 y 16, 
respect ivamente) , de muestras de CMSP de controles sanos 
(n=20) y muestras de tejido hepatico normal obtenidas me- 
5 diante laparatomia (n=12) • Los niveles de RNAm de IFNa 
fueron determinados mediante la tecnica semicuantitativa de 
transcripcion reversa-reaccion en cadena de la polimerasa 
(RT-PCR) , utilizando cebadores universales para amplif icar 
todos los subtipos de IFNa. Los valores son expresados como 

10 el cociente entre el RNAm de IFNa /RNAm de p-actina. 

Encontramos que los niveles de expresion.de IFNa en 
CMSP de pacientes con hepatitis cronica C estaban signifi- 
cativamente aumentados comparados con los hallados en con- 
troles sanos (3,2+0,48 vs 1,14+0,26; p=0,001) (Fig.lA). Este 

15 resultado era esperado en una infeccion viral como la 
hepatitis C, en la que se encuentran infectadas las CMSP 
(14). Por el contrario, los niveles de expresion de RNAm de 
IFNa estaban signif icativamente disminuidos en tejido hepa- 
tico de pacientes con hepatitis cronica C comparado con el 

20 expresado en higado normal (0,12±0,03 vs 0,43+0,12; p=0,003) 
(Fig IB) . 

Como hemos observado anteriormente el IFNaS es el uni- 
co subtipo de IFNa detectado en higado normal, mientras que 
en tejido hepatico de pacientes con hepatitis cronica C se 

25 observa una mezcla de subtipos. Nuestros hallazgos indican 
que en la infeccion por VHC existe una marcada reduccion en 
la expresion del subtipo de IFNa constitutivamente expre- 
sado en el tejido hepatico. Interesantemente, los niveles 
de RNAm de IFNa en higado de pacientes con hepatits cronica 

30 C muestran una correlacion directa con el indice de Knodell 
(r=0,54; p<0,05). Este hallazgo, junto con la observacion 
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que los subtipos de IFNoc detectados en higado de pacientes 
con hepatitis cronica C son los observados en CMSP, sugiere 
que la mayor parte del RNAm de IFNcc encontrado en higado de 
hepatitis C proviene del infiltrado inf lamatorio. Parece 
5 posible que la reduccion en la expresion del IFNoc hepatico 
(IFNaS) pueda jugar un papel en la cronif icacion de la 
infeccion por VHC. Por ello, estas observaciones pueden 
tener implicaciones terapeuticas si ademas tenemos en cuen- 
ta la marcada actividad antiviral y antiprolif erativa el 
10 IFNaS descrita por otros autores (9) . 

Niveles de expresion de RNAm de IEN0 en CMSP y en higado de 
pacientes con hepatitis cronica C y controles 

El IFNp, la segunda forma mayoritaria del interferon 

15 tipo I, es una glicoproteina producida por un unico gen. En 
las infecciones virales, los genes de IFNa e IFNp son acti- 
vados o reprimidos transcripcionalmente a traves de diver- 
sos mecanismos (15) . Para analizar la expresi6n del IFNp en 
la hepatitis cronica C determinamos los niveles de RNAm de 

20 IFNP en las mismas muestras de tejido hepatico y CMSP que 
previamente habiamos determinado la expresion de IFNa. 

Como se muestra en la figura 2, observamos que los 
niveles de RNAm de IFNp (expresados como cociente con sus 
respectivos de p-actina) eran signif icativamente mas altos, 

25 tanto en CMSP como en higado, de pacientes con hepatitis 
cronica C comparados con los hallados en CMSP de controles 
sanos e higados normales (1,66+0,2 vs 0,88±0,16; p=0,008 en 
CMSP y 1,37±0,23 vs 0,97+0,16; p=0,011 en higado). Estos 
resultados muestran que mientras el VHC causa represion del 

30 IFNa en higado, la expresion de IFNp esta aumentada tanto 
en higado como en CMSP. Ello indica que el VHC modula de 
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diferente forma los diferentes genes del I FN de tipo I en 
higado, bloquea la produccion de IFNa pero permite una 
sobreexpresion de IFNp. 

5 Relacion entre la expresion de los genes de IFNa e IFNp con 
la carga viral, genotipo y daiio hepatico en la hepatitis 
cronica C 

Para determinar si la expresion genica del IFNa o IFNP 
pudiera estar relacionada con la carga viral o el genotipo, 

10 cuantif icanmos el RNA del virus C en suero de todos los 
pacientes mediante la tecnica de PCR competitivo y 
determinamos el genotipo del VHC por un metodo de hibrida- 
cion con sondas especificas. No encontramos correlacion en- 
tre la expresion de los genes de IFNa o IFNp (en higado o 

15 CMSP) y los niveles de RNA del virus C en suero o el 
genotipo viral. 

Al analizar la relacion entre la expresion de los 
genes de I FN tipo I y la intensidad de dafio hepatico en 
pacientes con hepatitis cronica C, encontramos que los ni-- 

20 veles de RNAm de IFNp en higado se correlacionaban direc- 
tamente con los valores de aspartato aminotransf erasa se- 
rica (r=0,64, p=0 / 008) r y con el indice de Knodell (r=0 f 66, 
p=0,006). De igual forma los valores de RNAm de IFNa en 
higado mostraban una correlacion directa y positiva con el 

25 indice de Knodell como mencionamos anteriormente. 
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Tabla 1. Subtipos de IFNa en controles y pacientes con 
hepatitis cronica C. 





Higado 


CMSP 


Control 1 


9 clones 
IFNA5 




Control 2 


9 clones 
IFNA5 




Control 3 


11 clones 
IFNA5 




Control 4 


12 clones 
IFNA5 




Control 5 




3 clones IFNA5 

4 clones IFNA21 
2 clones IFNAl 


Control 6 




8 clones IFNA5 


Control 7 




10 clones 
IFNA1/13 
1 clon IFNA8 


Control 8 




3 clones IFNA5 
2 clones IFNA21 
2 clones 
IFNA1/13 
1 clon IFNA22 


Control 9 




2 clones IFNAIO 
1 clon IFNA5 
1 clon IFNA2 
1 clon IFNA7 
1 clon IFNA 8 
1 clon IFNA4 


RNA-VHC (+') 
1 


6 clones 
IFNA5 

2 clones 
IFNA21 
1 clon 
IFNAl 7 


7 clones IFNA5 
1 clon IFNA21 
1 clon IFNA 7 


RNA-VHC (+) 
2 


2 clones 
IFNA5 

4 clones 
IFNA21 


5 clones IFNA5 
4 clones IFNA21 


RNA-VHC (+) 
3 


5 clones 
IFNA5 

2 clones 
IFNA21 

2 clones 
IFNAl 
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Descripcion de las Figuras 

Figura 1: Expresion de RNAm de interferon alfa/ p-actina 
5 (eje de ordenadas) en celulas mononucleares de sangre 
periferica (A) y en higado (B) , de controles sanos y 
pacientes con hepatitis cronica C (HCV-RNA +) (eje de 
abcisas) . 

Figura 2: Expresion de RNAm de interferon beta/J3-actina 
10 (eje de ordenadas) en celulas mononucleares de sangre 
periferica (A) y en higado (B) , de controles sanos (C) y 
pacientes con hepatitis cronica C (HCV-RNA +) (eje de 
abcisas) . 

Figura 3: Relacion entre la cantidad inicial de RNA total 
15 (abcisas) y la intensidad de banda del producto de PGR 

obtenido tras la amplif icacion del RNAm de IFNct, (•) IFN(J 
( A ) y p-actina (♦) (en ordenadas como cuentas x mm 2 ) en 
muestras de CMSP (A) y de higado (B) . 
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REIVINDICACIONES 

5 1.- Uso del IFN-alfa 5 o de la secuencia g£nica que lo 

codif ica . y/o sus secuencias genicas esencialmente deriva- 
das, para la fabricacion de composiciones titiles en el tra- 
tamiento de enfermedades hepaticas. 

2, - Uso de acuerdo con la reivindicacion 1, para la 
10 fabricacion de composiciones utiles en el tratamiento de la 

hepatitis C cronica. 

3. - Uso de acuerdo con la reivindicacion 1, para la 
fabricacion de composiciones utiles en el tratamiento de la 
cirrosis de origen viral. 

15 4.- Uso de acuerdo con la reivindicacion 1, para la 

fabricacion de composiciones utiles en el tratamiento del 
carcinoma hepatocelular . 

5. - Uso de acuerdo con cualquiera de las reivindica- 
ciones 1-4, en el que la composicion fabricada se utiliza 

20 para inducir geneticamente la sintesis f isiologica, dirigi- 
da a nivel nuclear, en celulas hepaticas enfermas deficita- 
rias en dicha sintesis, de interferon alfa 5. 

6. - Uso de acuerdo con cualquiera de las reivindica- 
ciones 1-4, en el que la fabricacion de la composicion con- 

25 siste en desarrollar una proteina recombinante de aplica- 
cion humana, mediante la clonacion de un vector de expre- 
sion en un huesped apropiado. 

7. - Uso de acuerdo con la reivindicacion 6, en que el 
huesped clonado es un organismo eucariota, pref erentemente 

30 Escherichia Coli. 

8. - Uso de acuerdo con la reivindicacion 6, en el que 
el huesped clonado es un organismo procariota, preferente- 
mente Solarium tuberosum. 
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9. - Uso de acuerdo con cualquiera de las reivindica- 
ciones anteriores, en que la composicion fabricada es una 
composicion ingerible como alimento. 

10, - Uso de acuerdo con las reivindicaciones 1 a 4, 
caracterizado en que la composicion fabricada es una compo- 
sicion de terapia genica somatica. 
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<110> INSTITUTO CIENTIFICO Y TECNOLOGICO 

DE NAVARRA, S.A. 
<120> "USO DEL INTERFERON ALFA 5 EN EL TRATAMIENTO DE 

LAS HEPATOPATIAS VTRALES" . 
<130> PCT-51 
<150> ES 9801003 
<151> 13.05.98 
<160> 1 

<210> SEQ ID NO. : 1 
<211> 274 pares de bases 
<212> ADN 

<213> Homo sapiens 

<223> POSICION EN EL GENOMA: Cromosoma 9 

<223> Nucleotides 672 a 945 de la secuencia del gen de 

IFNcc5 publicada en la base de datos Genbank con 

numero de acceso X02956. 

<400> 



TC CAT GAG ATG ATC CAG CAG ACC TTC AAT CTC TTC AGC ACA AAG GAC TCA 50 



His 


Glu 


Met 


He 


Gin 


Gin 


Thr 


Phe 
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